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PREFACE. 



My desire in writing and compiling the matter of 
this book was^ to produce a Manual which would be 
instructive to those who wish to learn, and useful to 
those who, already familiar with the Analysis of Goal 
Gas, may require at times to refresh their memories 
upon certain points. 

The experienced Analyst may deem the Manual, 
in some particulars, unnecessarily diffuse ; but such 
will not, I venture to hope, be the case with those 
who are imfamiliar, or but partially familiar with 
gas testings. 

While dealing, necessarily, with scientific facts and 
processes, I have endeavoured, as far as possible, to 
give the work more of a practical than a scientific 
character, by formulating the principles involved in 
the shape of rules. 

I have explained, as clearly as my ability would 
permit, the processes by which gas is tested under 
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the operation of certain Acts of Parliament, and also 
described certain other processes which are of value 
to the Grasmaker. 

I have freely incorporated all the essential points 
in the Instructions issued by the Referees of London, 
and also such other matter from various sources as I 
thought would be useful, but have not, in every 
instance, deemed it needful to indicate such incor- 
porated matter by inverted commas or by acknow- 
ledgment. 

My sincere thanks are due to several gentlemen 
of eminence for kindly hints and advice ; of these 
I may specially mention — Charles Hbibch, Esq., 
W. Valentin, Esq., and A. Vbenon Harcouet, Esq. 

F. W. HARTLEY. 



London, 1879. 
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SECTION I 



PHOTOMETET. 



1- — Photombtry is the art whereby the relative 
illuminating power of artificial lights is determined. 

2. — Practical Photometry depends, firstly, on the 
sensibility of the visual organs, and on the mental 
power to judge, under favourable conditions, respect- 
ing the equal illumination of an object ; and, secondly, ' 
on the law that the intensity of illumination is pro- 
portional inversely to the square of the distance of 
the object from the source of light. 

8. — ^Many photometers have been invented, but in 
England those only which are based upon Bunsen's 
method of ascertaining the relative value of artificial 
lights have been generally employed. Bunsen in- 
vented and employed a screen or disc of paper, 
greased over part of its surface so as to render it 
unequally translucent. The disc was supported or 
held in an upright position, and the lights to be con- 
trasted were placed one on each side of, but at some 
distance from, the disc, but in such manner that a 

B 
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straight line, if extended from Ught to light, would 
pass through the disc at right angles to its sur&ces, 
and also throngh each flame midway between its apex 
and base. The weakest light was then moved towards 
the disc until the latter became equally illuminated on 
each side^ when^ as a consequence^ the inequality in 
the translucency of its parts became invisible or nearly 
so, owing to the fact that in a position in which both 
sides are equally illuminated, the quantity of light 
transmitted through the disc in each direction, and 
the quantity reflected from its surfaces, are equal. 

4. — ^The distance from the disc to the centre of each 
light was then measured and squared, and the quo- 
tient which resulted from the division of one of the 
squares by the other gave the relative illuminating 
power of the flames. Generally the value of the 
greatest light is expressed in terms of the weakest, 
the latter being regarded as the unit. If, for example, 
one of the lights were 10 ins. and the other 50 ins. 
from the disc, the squares of these numbers are 100 
and 2500, and the latter divided by the former would 
give the value of the greatest as 25 times that of the 
weakest light. 

5. — Many refinements have been made on Bunsen^s 
method of using the disc, and probably in the disc 
itself, for the purpose of rendering the comparison of 
artificial lights as facile and exact an operation as 
possible. The most obvious of these consist in the em- 
ployment of a graduated bar of specific length, the 
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fixing of the lights^ one at each end of the bar^ and 
the placing of the disc within a box, open at its two 
ends and in front, which box is provided internally 
with two reflectors, set at such an angle as to present 
reflections of the sides of the disc to the observer's 
eyes, and is carried on a slide which rests upon the 
bar, and may be freely moved between the lights. 
The graduations on the bar indicate, on inspection^ 
the value of the strongest light in multiples of the 
weakest, thereby saving trouble, and preventing the 
possibility of errors which might, in the absence of 
such graduations, arise from inaccuracy in measure- 
ments and in calculations. 

6. — The fixing of the lights conduces to regularity 
of combustion and to steadiness of the flames, which 
are likely to be prejudiced by motion. Other, and 
possibly not less important, refinements have been 
introduced ; the value of these may be understood 
from what follows. 

The Pnrposes of Photometry. 

7.— Photometry is practised for several purposes, 
viz., to ascertain the relative value of various sub- 
stances used in artificial illumination, and the most 
advantageous methods of burning them ; as a means 
of selecting burners which are suited for evolving the 
greatest effect from any illuminating gas, and as an 
aid to the improvement of burners themselves, etc. ; but 
the purpose for which photometry is most extensively 
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practised, is to discover whether the coaUgas supplied 
by Gras Companies is of such quaKty, in respect to 
illuminating power, when burned under fixed con- 
ditions, as the Companies are bound, either by special 
or general acts of Parliament, to furnish. It is to the 
last-mentioned application that the reader^s attention 
will be particularly directed in the following pages. 

Standard Idght 
8. — The light adopted in the United Kingdom, 

under the authority of the Legislature, and also iu 
the Colonies, as a standard whereby to estimate and 
express the illuminating value of ooal-gas, is that 
which is derived from a sperm candle burning at the 
rate of two grains of sperm per minute, or, as usually 
specified, " sperm candles of six to the pound, each 
''burning 120 grains an hour.'' Few candles bum at 
this exact rate, and, in practice, '' if the rate of con^ 
sumption per candle shall not have exceeded 126 
grains per hour, or fallen short of 114 grains per 
hour,'' corrections by calculation are made for such 
variations from the standard rate. The Candle Stan- 
dard is by no means a perfect one, but, in spite of its 
defects, it has many advocates. It certainly is a 
most convenient standard by which to express the 
value of gas ; it can be used with greater facility than 
any other standard which has yet been put prominently 
forward, and when due care is exercised, and a suffi- 
cient number of experiments made on each occasion, 
the operator may arrive at results suflSciwtlv ^gQiq^t§ 
for all practical purposes, 
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standard Bnmer. 
9.-— Anterior to about the year 1860, the descrip- 
tions which were inserted in acts of Parliament of the 
burners to be used in testing were most unsatisfactory, 
it being deemed sufficient to specify that the burner 
employed for common gas should be ''an Argand 
'' burner having 15 holes, and a 7-inch chimney/' As 
a consequence, burners differing widely in their dimen- 
sions, in the proportion of their parts, and in their 
capability to develop the light power of the gas, were 
employed. The necessity for defining the burner was 
at last recognised, and attempts were made to do so, 
but not always with success, as witness the following 
description of a 15-hole Argand, extracted from the 
Birmingham and Staffordshire Gas Act, 1864 '^— 

A metal Argand burner having an external dia- 
meter of 1*10 inch, and an internal diameter of 0*50 
of an inch, and having fifteen holes, each hole of 
the diameter of 0*05 of an inch, and with a 7-inch 
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'' chimney supported upon an ordinary gallery without 
'* perforated disc/' 

10. — The above-mentioned burner proved to be a 
very indifferent one, and the description is defective 
in several particulars, which, however, it is needless 
to discuss, as the 15-hole burners now generally em- 
ployed are either of the Sugg-Letheby model or the 
15-hole London Burner, the latter being similar, 
except as to the number of its holes, to the " Stan- 
*' dard burner deposited with the Warden of the Stan- 
' dards [Board of Trade], in accordance with Section 
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'''37 of the Gas-Light and Coke Company's Act, 1876 " 

— the description of which, as well as of the flat-flame 

burner used with cannel gas in London, is given as follows 

in the Notification of the Gas Eef erees of London : — 

" The bnmer which has been adopted as the standard 
*^ bnmer for testing common gas was designed by Mr. 
*' Sugg, and was called bj him ' Sugg's London Argand, 
•*'No. 1.'" 

"A full-sized section {reduced for this hooJc] is appended, 
** in which A represents a supply pipe, B the gallery, C 
^' the cone, D the steatite chamber, E the chimney. 

'^ The following are the dimensions of those parts of the 
" burner upon which its action depends" : — Inch. 

Diameter of supply pipes - 0*08 
External diameter of annular 

steatite chamber - - - 0*84 
Internal diameter of do. - - 0*48 
Number of holes - - - 24 
Diameter of each hole - - 0*045 
Internal diameter of cone : 

At the bottom • - • 1*5 
At the top - - . 1-08 
Height of upper surface of cone 
and of steatite chamber above 
floor of gallery - - - 0*75 
Height of glass chimney - 6 

Internal diameter of chimney * If 

The standard burner for testing cannel 
gas is a steatite batewing burner, consist- 
ing of a cylindrical stem, the top of which 
is divided by a slit of uniform width. 

Inch. 

Extem^/l diameter of top of stem 0*31 

Internal diameter of stem • 0"17 

Width of slit - - - 0-02 

Depth of slit - - - 0-15 

^ I ■ I Ml 11^^ ^^mm^^^tm^^^u ■■■ ■*-■ ■■ ■■■-■■■■I ■■■■^ ■ ■ ^, 

• The maker provides each burner with a second chimney, 
which is also 6 ins. in height, but If ins. only internal diameter. 
The smaller chimney is required with gas below 16 candles illumin* 
ating power. 
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11. — ^Many Gas Companies are still in an unfortu- 
nate position under the clauses of their acts of Par- 
liament and of those of the Gas Works Clauses Act 
Amendment Act, 1871 — the Schedule A of which 
recites that '' the burner to be used for testing shall 
*' be such as shall be prescribed/' In justice to such 
Companies, the ''prescribed '* burner ought in every 
instance to be the same as that used in London, so 
that the true relative value of the gas they supply to 
that supplied in the metropolis could be known, and 
thereby the publication of any statements as to appa- 
rent inferiority in quality, which may be due to the 
burner and not to the gas, be avoided. Pending the 
possible further amendment of the Gasworks Clauses 
Act, Companies, especially those which are prejudicially 
affected, would do well to urge upon their consumers 
the employment of good burners, and thereby smooth 
the way in the proper direction. 



OASWOBES GLAUSES ACT AMENDMENT ACT, 1871. 

SCHEDULE A. 



Part I. 

Regulations in respect of testing apparatus. 

12. — (1) The apparatus for testing the illv/minating power 
of the gas shall consist of the improved form of Bunsen's 
photometer, known as Letheby's open 60-inch photometer, 
or Evans' enclosed 100-inch photometer, together with a 
proper meter, minute clock, governor, pressure gauge, and 
balance. 
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The humer to be used for testing the gas sliall besnchas 
sliall be prescribed. 

The candles nsed for testing tbe gas sliall be sperm can* 
dies of six to tbe pound, and two candles shall be nsed 
together. 

(2) The oppa/ratiM'^ 

(a) For testing the jpresence in the gas of sulphur^ 
etted hydrogen, — ^A glass vessel containing a strip 
of bibnlons paper moistened with a solntion of 
acetate of lead, containing sixty grains of crys- 
tallised acetate of lead aissolyed in one fluid 
ounce of water. 



paet n. 

Rules as to mode of testing gas. 

(I.) — Mode of testing for illuminating power. 

The gas in the photometer is to be lighted at least fifteen 
minutes before the testings begin, and it is to be kept 
contiauously burning from the beginning to the end of 
the tests. 

Each testing shall include ten observations of the pho- 
tometer made at intervals of a minute. 

The consumption of the gas is to be carefully adjusted 
to five cubic feet per hour. 

The candles are to be lighted at least ten minutes before 
beginning each testing, so as to arrive at their normal rate 
of burning, which is shown when the wick is slightly bent 
and the tip glowing. The standard rate of consumption for 
the candles shall be 120 grains each per hour. Before and 
after making each set of ten observations of the photo- 
meter, the gas examiner shall weigh the candles, and if the 
combustion shall have been more or less per candle than 
120 grains per hour, he shall make and record the calcu- 
lations requisite to neutralise the effects of this difference. 

The average of each set of ten observations is to be 
taken as representing the illuminating power of that 
testing. 
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(II.)— Jlf()(fe of testing* 

(a) For sulphuretted hydrogen, — The gas Bhall be 
passed through the glass vessel contaming the 
strip of bibtdoiLs paper moistened with the soln- 
tion of acetate of lead for a period of three min- 
ntes, or such longer period as may be prescribed ; 
and if any discolouration of the test paper is 
found to have taken place, this is to be held 
conclusive as to the presence of sulphuretted 
hydrogen in the gas. 

13.-~The foregoing are the regulations and rules 
which apply to the whole of the Bangdom, inclusive 
of London ; for, although the Referees in their Noti- 
fication somewhat amplify them, the rules for testing 
remain practically the same as above given, with one 
exception, viz., that the Referees direct that correc- 
tions shall be made for barometric pressure and tem- 
perature, and this ought certainly to be done in all 
cases. The method of making such correction will be 
explained in the proper place. 

14. — ^The propriety of so correcting the indicated 
illuminating power of the gas will be realised when it 
is remembered that gases (and vapours) are, in this 
country, assumed to be of normal bulk, and therefore 
to possess their normal density, when under an atmo- 
spheric pressure of 30 ins. barometer, and at a tem- 
perature of 60® Fahrenheit. It is true that in scien- 
tific investigations philosophers now generally assume 
that gases are of standard volume under a pressure of 
760 millimetres (29*92 inches), and at the tempera- 
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ture of zero centigrade (32^ Falir.), but at 30 ins. 
and 60^ Fahr., gases are at their average density in 
this country, and therefore corrections of volume to 
that pressure and temperature are justly made in gas 
testing, which is really a determination of its com- 
mercial value. 

15. — ^Now, under an atmospheric pressure helow 
30 ins. or at a temperature above 60^ Fahr., any gas 
or vapour is below its normsd density, and in the case 
of illuminating gas, any measured volume contains 
less than the normal weight of illuminating matter. 
With a pressure above 30 ins. or temperature below 
60^ Fahr., the reverse effect results, and any mea- 
sured volume would contain more than the normal 
weight of illuminating matter. Sometimes it happens, 
although rarely, that a rise or fall in pressure may be 
accompanied by such a rise or fall in temperature 
that the standard density is maintained; thus, at 
30*8 inches and 70^ this is the case, as it is also at 
29' 7 inches and 56^, as will be seen in Table C of the 
Appendix. 

16. — ^The importance of the correction herein men- 
tioned is best realised by an extreme illustration: 
Suppose, then, that gas were adjusted to burn at the 
five cubic feet rate, when the barometer was at 28 
inches and the temperature 84®, the Table shows that 
the measured volume is only the 870-lOOOths of the 
normal volume, or 4*35 instead of 5 cubic feet. 
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Description of Standard Apparatus. 
17. — The apparatus which will be herein-described, 
as conforming with the requirements of the Gas 
Works Clauses Act (12) consists of the instruments 
named below : — 

The Lbtheby-Bunsen Photometer, 
Candle Balance, 
Experimental Meter, 
Minute Clock, 
Experimental Governor, 
Pressure Gauge. 
Burner, 
Sperm Candles, 

BUNSEN Discs, 

Glass Vessel or Sulphuretted Hydrogen 
Test, 

all of which are absolutely essential; but to render 
the apparatus complete the following are also re- 
quired : — 

A Governor for the Service Pipe, 
A good Barometer. 

18. — The Letheby Photometer is shown in the 
frontispiece. A is the graduated bar, which is of such 
length that the centres of the flames to be contrasted 
shall be 60 inches apart, the positions of the flames 
being fixed (5). The bar is of polished wood, and it 
is graduated each way from its centre into spaces, 
numbered one, two, three, and upwards, to the ends 



18 

of the two scales thus produced. The centre line, 
nnmbered one or unity, indicates the position at which 
the disc (3) would be equally illuminated on both of 
its sides, if the contrasted lights at the ends of the 
bar were of equal power, and two, three, &c., the 
positions for the disc, if the strongest light were two, 
three, or more times greater in light-giving power 
than the weakest (4). 

19. — The numbered divisions (units) up to the 
ninth are subdivided into tenths, thence into halves 
up to 20, and from that point completed by entire 
units of indicative value. 

20. — The slide B is provided with brass rollers in 
order that it may travel easily and smoothly on the 
bar, and carries a greatly improved disc-box, which 
is fitted internally with a disc-holder and with two 
reflectors (5). G is the gas-pillar fixed to the short 
standard which supports one end of the bar. From 
the pillar extends a horizontal pipe, which is provided 
with a stop-cock below the point A, and with a micro- 
meter cock at D, 1, 1' are upright black wooden 
screens, and 2, 2* are similar screens, with central holes, 
through which the rays of light pass from the flames 
to the disc. G is a base board upon which the photo- 
meter and candle balance are fixed. 

21. — The Candle Balance. This is a very sensi- 
tive and accurate instrument, capable, if properly 
used, of weighing to the fiftieth of a grain. In the 
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arrangement aliown, which was devised by the Aathor 
some years ago, the balance B is attached to the pho- 
tometer bar. The end of the beam nearest to the disc- 
box carries a holder for two candleSj bo that the can- 
dles may be weighed while in position for nee and 
while actually burning. The operator is thns enabled 
to bum the candles under conditions most favottrabld 
to regularity of combustion, and also to weigh them 
with great exactness. 

22. — Thb Expkrihbhtal Miteb. The dial of this 
meter has three 
divided circles 
and two poin- 
ters, the short 
pointer, indica- 
ting on the inner 
circle only, and 
&xe long pointer,^ 
both on the in- 
termediate and 
on the outer cir- 
cles (fig. 2), 

Fig 2. 

23, — A complete revolution of the short pointer 
indicates the passage and measurement of l-12th of a 
cubic foot of gas, or the quantity which must be 
burned iu one mimute in order to secure the standard 
rate of five cubic gas per hour. The centre circle is 
Winded into Jive principal diyisions, aqd as each o{ 
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these represents l-5tli of l-12tli of a cubic foot or 
l-60th of a cubic foot, it follows that ' the quantity of 
gas indicated by the passage of the pointer from one 
division to the next, bears the same ratio to a cubic 
foot of gas that one minute does to one hour. The 
subdivisions, of course, bear the same ratio to tenths 
of a cubic foot. 

24. — The intermediate circle is divided so as to 
show the number of revolutions made by the pointer 
of the centre circle, i.e, each small division of the in- 
termediate circle indicates a quantity equal to that of 
the entire ring of the centre circle, namely, l-12th of a 
cubic foot. If, therefore, the long pointer passes from 
one division to the next in one minute, the passage of 
gas at the rate of five cubic feet per hour is shown. 

25. — Taking one minute as representing, or as equi- 
valent, in testing operations, to an hour, each prin- 
cipal division on the centre circle may be, and is 
called, one cubic foot, and each division on the inter- 
mediate circle five cubic feet. 

26. — Hence, if the meter were started with the poin- 
ters upright, and therefore at zero, and at the end of 
10 minutes the long pointer were found at 9 on inter- 
mediate and the small one at 4*5 on centre circle, 

then 9X5 = 45'0 

Add . . 4-5 



Divide by minutes . 10)49*5 
4'95 cubic feet per hour. 

But the short pointer ought in the time named to 
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complete ten revolutions and reach the zero, while the 
long pointer should cover the tenth division on the 
intermediate circle. Hence, in the illustration, the 
consumption is in deficit. 

27. — Again, suppose at the end of ten minutes the 
long pointer were at 10 and the short one at 3*4, 

then 10 X 5 = 50 

Add . . 3-4 



Divide by minutes . 10)53*4 

5*34 cubic feet per hour. 
In this example the rate of burning is in excess. 

28. — The outer circle indicates actual cubic feet and 
tenths, and is not used in photometry, but for other 
purposes to which an experimental meter may be 
applied. 

29. — The meter (shown at H in the frontispiece) 
must stand perfectly level, and be charged with water 
until the lower part of the meniscus, or cup formed 
by the water within the gauge at the side of the meter 
fig. 2, coincides with the line marked on the glass tube. 
Or if the meter be provided with a drip-socket on its 
side instead of a water-line gauge, it must be allowed 
to rest until the excess water is completely drained 
off. The socket is to be closed by inserting the 
screw plug. This, of course, must be done when the 
gas is ofE and the meter open to the atmosphere. The 
small hand may be freely moved backwards, and the 
pointers thereby set at zero when desired. 




, Thb Mindte Clock. The most convenieiit 

form of clock is that 
represented in Fig 3. 
Tlie circumference of the 
dial is divided into 
f Beconds, and also into 
100 divisione, bo that 
part of a minnte may be 
read ofE to the second 
decimal place. It is 
fumiflhed with a stop- 
ping and starting lever 
at the side, and with a 
press bntton at the top, 
by which the hands 
may be instantly set at zero, i. e., npright. The 
email dial indicates 10 minutes, which is the time 
occupied in each ' set of photometric observations. 
Finally, each completed revolution of the long pointer, 
and therefore the passage of one minute, is notified by 
the striking of a bell within the clock case. Sometimes 
a long pendnlum clock, such as is described in para- 
graph 85, is Dsed instead of the foregoing, but is not 
so convenient, 

31. — Tbx GoviBiroB, The constmction of a gas 
governor and the principle of its action are so well 
known, that it will suffice to say that the only peon- 
liarity which the experimental governor possesses ia ex- 
treme BpositiveneBs in action. The largest or central 
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pipe IS the inlet, the other pipB being, of course, the 
outlet for the gas. It is mounted on a table, the inlet 
and outlet pipes being between the legs, each pipe 
terminating with a small cock, by opening which water 
may be drained off, if from any accident it should get 
into the pipes. A convenient position for the governor 
is that shown at I in the frontispiece. The tank must 
be charged with water to the height of the side plug, 
when the pipes are open to the atmosphere and the 
gas shut off. 

32. — ^Thb Prkssurb Gauge. A small syphon gauge, 

such as is shown on the gas pillar 
C of frontispiece, may satisfy the 
letter of thd law, but the advan- 
tages attendant upon the employ- 
ment of a King's gauge, such as 
is shown in fig. 4, are so great, that 
the latter gauge ought always to 
form part of a set of photometric 
instruments. The gauge may be 
placed in any convenient position 
on the photometer table — for in- 
stance, behind the gas-pillar above referred to, and 
its inlet connected to the outlets of a four-way cock, 
from which pipes are extended to the inlet and to the 
outlet of the meter, to the inlet of the governor, and 
to the gas-pillar ; so that the pressure at any one qf 
these points may be ascertained, and the working state 




Fig. 4. 
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of the instramentR, in respect to friction, or resistance 
to the passage of gas, determined. 

33. — Besides enabling the operator to detect undue 
friction, the King's gauge enables him to re-adjust, 
when needful, the consumption of gas to the standard 
rate without waste of time ; for, knowing by experience 
what pressure should be below the burner under cer- 
tain conditions, he may at once turn the micrometer 
on or off to the extent requisite to secure the desired 
indication of pressure on the gauge. The base of 
the gauge consists of a rectangular box, through 
the centre of which passes a cylinder down to 
within an eighth of an inch of the bottom — the 
cylinder being much smaller in area than the space 
about it within the box. Extending upwards from 
the box are two pillars which support an arc 
dial and also two cross bars, one in front and 
the other at the back. Between the bars is a 
grooved wheel fixed on an arbor, which is free to 
turn on centres or upon antifriction rollers. The arbor 
also carries a pointer extending up to the dial. A 
silk cord passes over the wheel, and is secured to the 
latter ajt one point of its circumference. To one end 
of the cord a float, which descends into the cylinder, 
is suspended, while the other end of the cord carries 
a small weight. 

34. — The gauge is charged with water, when no gas 
is entering it and when its vent cock is open, to the 
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height of the socket in front, and, if needful, 
the pointer shifted on the arbor until the former 
coincides with the zero of the scale. The vent cock is 
then closed, and if gas be admitted, its pressure will 
operate within the box, forcing the water up in the 
cylinder, thereby causing the float to rise and the 
wheel above to make part of a revolution and the pointer 
to traverse over part of the scale, which is greatly en- 
larged, and indicates to 1-lOOth of an inch of pressure. 
When this gauge is to form part of a new set of instru- 
ments, it is advisable that the maker of the photometric 
apparatus should furnish the bench or table for the 
photometer fitted complete with the necessary cocks 
and pipes, as an ordinary gasfitter will scarcely realise 
what is required, 

35.— The Burner. The kind of burner to be em- 
ployed will, as stated in paragraph 11, depend upon 
the obligations imposed upon the Gas Company. 

36. — The Candles. These should be of the purest 
sperm, admixed with a small pi*oportion of wax to 
'^ break the grain,'^ and should be obtained from the 
maker of the highest repute, or from those who act 
as agents for the sale of such maker^s candles. Many 
candles are sold by shopkeepers as " sperm " which 
possess no claim to the name. 

37. — BuNSEN Discs. These should be made of paper, 
as thin as it is possible to manipulate, and the line of 

c2 
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separation between the greased and angreased parts 
Bhould neither be defined with snch absolute hardness 
as to be distinctly visible in every position between two 
lights^ nor be softened down so much that in any one 
position the spot becomes quite invisible. In the first 
case it will be difficult to determine the point of equal 
illumination, owing to the hardness of the separating 
line ; and in the second case, it will be found to be 
impossible to decide with certainty upon the point of 
equal illumination, to the extent possibly of at least 
one candle's power. The second kind of disc cannot 
be amended, but the first, or hard line disc, may be 
easily rendered fit for use, by simply passing it ra- 
pidly over a gas flame, then trying it, and if need- 
ful, repeating the operation of slightfy warming until 
it is rendered sufficiently sensitive. The disc must be 
perfectly flat, for if it bulges out when in its holder, 
and presents a convex surface to one of the flames and 
a concave surface to the other, the indications obtained 
will not be correct. 

38. — Sometimes Leeson star-discs are used instead 
of the Bunsen. The Leeson disc consists of three 
thicknesses of paper, the outer pieces very thin and 
the middle one somewhat stouter, with a star- 
shaped hole cut in its centre. These are all pressed 
as closely together in the disc-holder as possible. The 
advantage claimed is uniformity in the texture of the 
surfaces presented to the eye, which certainly is not 
tlie case with the Bunsen discs, as the texture of the 
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paper is affected, as well as its colour, by the grease. 
It has also been claimed for the Leeson disc that it is 
more sensitive ; this, however, the Author has no hesi- 
tation in denying. He has worked pretty industriously 
with both kinds of discs in a sort of competitive way, 
and much 'prefers the Bunsen. One evil thing, although 
it may be a small one, about the Leeson disc, is that 
the surfaces of the papers cannot be brought into 
absolute contact ; hence there is a sensible space be- 
tween the two outside surfaces, and this defect, for 
more reasons than one, must tend to falsify the indi- 
cations afforded by this disc- These discs have 
been employed in some of the London testing rooms, 
but the Author has been informed that the Eeferees 
intend to prohibit their use in the f uture- 

89. — Thi Glass Vessel, or Testing Glass for Sul- 
phuretted Hydrogen. The best form 
of vessel is that shown in fig. 5, which 
represents a glass cylinder, the ends 
of which are closed by a base plate 
and a cover, both of white metal.. 
A pipe .which is attached to the base, 
passes upwards through the cover and 
terminates with a screwed end, which 
enters the nut or cap, which is sur- 
mounted by a burner. When the nut is 
screwed down on the cover it causes 
the cylinder to be compressed between 
Fig. 5. washers of leather^ or rubber, within 
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the base and cover, and renders the junctions gastight. 
Within the glass are two cnps containing water, while 
immediately above in the cover are two pings, each 
famished with a clip, which serves to hold a test paper 
of such length that its end dips into the water cup 
below. It will be observed that two small jets project 
from the pipe within the glass. These must be directly- 
opposite the suspended papers. The gas enters by the 
vertical pipe, escapes through the jets (the vertical 
pipe being stopped just above the jets), passes through 
a hole in the upper part, and thence escapes from the 
burner. The instrument is made with the outlet pipe 
in the base when it is desired to pass the gas on to 
the photometer burner, or to any other testing instru- 
ment, such as the Eef erees' Test for Sulphur Com- 
pounds " other than sulphuretted hydrogen.^' The time 
for exposure of the test papers is, under the Gas Works 
Clauses Amendment Act, three minutes, or such time 
as may be fixed [12, (a) Part II], but in London the 
time of exposure is extended to about 20 hours, under 
conditions which are set forth in the second section of 
this treatise. 

40. — Seevick Govbrnoe. This may be either of the 
wet or dry kind. It should always be used when the 
pressure of supply is likely to vary, and to rise much 
above that of an inch head of water. It should be 
weighted to give about 8-lOths of an inch of pressure, 
and will then prevent undue strain being thrown upon 
the experimental governor, and thereby greatly 
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assist in the maintenance of a uniform rate of con- 
sumption. 

41. — The Babombtxb. Two forms of barometer are 
shown on page 30, fig. 6, representing the " Stan- 
dard,'' which is used when the greatest possible 
exactness is essential, and fig^ 7, representing the 
'^ Pediment '' barometer, which is generally employed 
for purposes which do not demand extreme acciiracy. 
Both barometers consist essentially of a long glass 
tube closed at the top, and with its lower end dipping 
into a cistern of mercury. The tube being entirely free 
from air, the mercury forms a column within the tube of 
such height as to give a pressure equal to that which 
the atmosphere exercises on an equal area of the cistern. 

42. — ^When the mercury in the barometer tube 
falls, that in the cistern rises in corresponding pro- 
portion, and vice versa, so that there is an ever- 
varying relation between the level of the 
mercury in the tube and the mercury in 
the dstem, which affects the accuracy of 
the readings. M. Fortin's form of cistern, 
which is adopted in the Standard baromcb 
ter, completely obviates this difficulty. The 
cistern is made of glass, with flexible leather 
bottom and a brass adjusting screw, as 
shown in fig. 8. Through the top of the 
cistern is inserted a small ivory pointer, the 
lower end of which corresponds with the 
Fig. 8. zero of the scale ; and in order that the 
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readings should possess uniform value, it is necessary 
that the level of the mercury in the cistern should be 
adjusted by the screw until the ivory point a2>pear8 to 
touch its own reflection on the surface. The reading 
is then taken. 

43. — In the best kind of " Pediment '^ barometers, 
fig. 7, the variations in the level of the mercury in the 
cistern are compensated on the scale, each indicated 
inch of which is less than an inch in length, to an ex- 
tent proportionate to the relations of the area of the 
tube to the area of the cistern. With this kind of 
barometer, the accuracy of the indications are depen- 
dent on the skill and care exercised by the maker in 
the compensation. Guaranteed instruments should, 
therefore, only be employed, as many Pediment baro- 
meters are made which are not compensated at all, or 
but imperfectly so. Properly adjusted instruments of 
this class may be fairly depended upon for all ordi- 
nary purposes, — gas testings included. 

44. — The Vernier is a moveable scale for subdi- 
viding parts of a fixed scale. By the aid of this in- 
strument, subdivisions of the scale of the Standard 
barometer may be made to the 1000th of an inch. 
Fig. 9 shows the scale of a standard barometer, divi- 
ded into half-tenths or '05 of an inch. The Vernier, 
C, D, is made equal to 24 of such divisions, and is 
divided into 25 equal parts, from whence it follows 
that one division on the scale is l-25th of '05 larger 
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than one oa the Yemier, so that it 
shoTTs a difference of '002 of an 
inch. The Vernier reads from "0, 
or zero, upnardsj D, therefore, in- 
dicates the top of the mercurial 
column. Each division of the Ver- 
nier showing a difference of '002, 
it follows that five divisions show a 
difference of -01, or 100th of an 
inch ; hence, every fifth division ia 
numbered. 

45. — In fig. 9, the zero of the 
Vernier is between 29'65 and 29-7 
on the scale. Glancing up the Ver- 
nier and scale, the second line above 
'03 will be found to coincide with 
another on the scale ; this gives '03 
and '004 to add to 29-65, so that the 
actual reading is 29'684. In those 
t line on the Vernier is found pre- 
cisely to coincide with a tine on the scale, and doubt 
arises as to which from two are equally coincident, the 
rule is, to take the intermediate 1000th of an inch. 




instances where i 



46. — A barometer should be suspended in the shade, 
and should be perfectly vertical, for the slightest angle 
will increase the apparent height of the mercury co- 
lumn. The pediment Bar, fig 5, is first prepared for 
use, after suspension, by applying one of the piniou 
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keys^ which is below the scale^ to the square-headed 
screw at the bottom of the instrument^ and turning 
gently to the left until the screw stops. The key is 
then replaced in its position to operate the Vernier. 

47. — In taking a reading with a Stan- 
dard barometer^ it is important that the 
eye, the zero edge of the Vernier, the top 
of the mercurial column, and the back of 
the Vernier, should be on the same hori- 
zontal plane (fig. 10), conditions which 
practice will render attainable. With 
Pediment barometers the Vernier is in 
front of the scale, and the zero line of 
the former must be made to coincide, 
as nearly as the eye can judge, with the 
top of the mercurial column. 

Fig. 10. 48. — ^The scale and Vernier of a Pedi- 

ment barometer are seldom divided so minutely as 
those of the Standard kind — ^the scales being divided 
into tenths of an inch, and the Verniers made to indi- 
cate the lOOths of an inch, which is done by dividing 
nine-tenths or eleven-tenths of an inch on the Vernier 
into ten equal parts. 

49.— In making barometric observations for com- 
parison with others, it is necessary that all should be 
re<?nced to a temperature of 32® F., and also with any 
tube less than 0'6 of an inch diameter to correct the 
apparent height of the mercury column for capillarity 
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(unless, indeed, the correction for the latter has been 
made on the scale), but these refinements are not 
necessary for photometric purposes, as their effects 
would be inappreciable.* 

50. — The Letheby form of photometer shown in the 
frontispiece, and the arrangements of the instrument^ 
and accessories therewith associated, permit the whole 
to be nearly on the same level, and to be placed on a 
table of ordinary height, so that the operator may sit 
instead of being compelled to stand, during his expe- 
riments. He is able, moreover, while sitting, to ob- 
serve the meter index, to regulate the rate of the flow 
of the gas by the agency of the governor and the 
micrometer, to pay due regard to the condition of 
the burning candles, to the candle balance, and to the 
gas-flame. His eyes are shielded from the direct rays 
of light from the flames by the screens 2, 2 ', hence, 
being in comparative darkness, he is better able to 
decide upon the equal illumination of the disc. In 
addition, the screens 1, 1 ^ ; 2, 2 ' ; prevent any rays 
of light from the flames falling upon objects whence 
they could be reflected back to the disc. Further, the 
fixing of the photometer and balance on a base board 
(suggested to the Author by Dr. Redwood) renders 

— • — ■ ■ 

* Useful manuals, which contain information relative to the 
Barometer, are " Weather Warnings," published by Houlston & Son, 
London; "Instructions in the use of Meteorological Instruments," 
by Robert H. Scott, M.A., F.R.S., to be obtained of Stanford, 
London. Simmond's Tables, &c. 
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that instrument independent of any troublesome pro- 
cess of " fixing '^ or ^' erecting/^ as these terms are 
ordinarily understood. 

The Photometer Boom. 

51. — The Photometer Room should, for the sake of 
comfort and convenience, be of reasonable dimensions, 
that is, about 12 feet square and 9 feet in height. It 
should be well ventilated^ sithough. free frovi draughts^ 
not subject to vibrations, and should be maintained at 
a temperature as near to 60^ Fahr. as circumstances 
will permit. A smaller chamber will do, say 8 to 10 ft. 
long and 5 to 6 ft. wide, but the operator will, if 
cramped for space, experience so much discomfort that 
he will be tempted to hurry over the operations. 
Besides which, a very small room will not allow, com- 
fortably, of the presence of a visitor or assistant. 

52. — The Photometric Apparatus is best placed next 
one of the walls of the room, — on a table which must 
be firm and rigid, with its top surface perfectly level, 
and 2 ft. 9 inches above the floor line. In lieu of the 
table a stout shelf may be fixed along the wall. It 
should be 24 to 30 ins. wide, and at least 8 feet long. 
The wall behind the table should be coloured dull- 
black, with flatted paint, or lampblack and size, to the 
height of about 2 feet above the table-top, or a black 
cloth may be suspended against the wall. The room 
should be generally of a somewhat dark colour, but 
need not be blackened all over. 
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Fitting up. 

53. — Set the apparatus upon the bench or table 52^ 
in the order shown in the frontispiece. Fix the service 
governor (40) in any convenient position, and from its 
outlet extend a pipe i-in. or |-in. bore to the inlet in 
the centre of the back of the experimental meter (29). 
Connect the outlet of the meter to the inlet of the 
governor (31), and the outlet of the latter to the pipe 
D below the photometer. The two first-mentioned 
connections must be of metal pipe, but the last may 
be made with a short piece of red india rubber tube, 
but better if with metal pipe. Charge the various 
instruments, which require it, with water, as explained 
in pars. 29 and 31 ; put all the weights on the service 
governor, and remove all the weights from the coun- 
terpoise of the experimental governor. 

54. — ^Tum on the gas and let it pass freely from the 
pillar C for five to ten minutes, then close the stopcock 
below A, and try all joints for soundness, then after- 
wards observe for a few minutes whether the pointers 
of the meter dial move. If they do, tighten up all the 
joints so that the meter pointers finally remain sta- 
tionary for a period of at least five minutes. Be care- 
ful that each instrument stands perfectly level on a 
horizontal plane. 

55. — The sulphuretted hydrogen test (39) may be 
fixed on the photometric table behind one of the 
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screens 1^ 1 ', or on a bracket against the wall^ and a gas 
pipe connected to it. 

56. — The barometer (46) should be hung against the 
wall of the room in any convenient position for taking 
readings. 

57. — ^It is advisable that the gas service to the pho- 
tometric apparatus should extend direct from the main^ 
and be independent of any other lights than those in 
the testing room. 

Preparation of Candles. 
58, — The Standard Sperm Candles are 8f ins. long 
from base to shoulder. Cut each candle in two parts 
at 4| ins. from its base. This is best done by laying 
the candle on a clean level surface^ and rolling it under 
the edge of a sharp knife. Cut away half an inch of 
sperm from the top of the lower half^ and also cut 
away the sperm cone from the top half ; reduce the 
projecting wick of the latter to half an inch in length. 
Take great care^ in cutting away the sperm^ not to 
injure the wicks in the slightest degree. Bum the 
pieces of candles not too closely together, in a place 
free from draughts, until the flames attain their maxi- 
mum size, and each wick bends over and presents a 
red point through the flame, then touch it with a piece 
of sperm and blow out the flame. Always extinguish 
candles in the way described^ and thus preserve their 
wicks in good condition,^ 

* Some operators prefer to invert the upper half of the candle, and 
bum from its centre, but the Author sees no advantage in this plan. 
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69. — If any of the candles bum badly, smoke, form 
very irregular sperm cups about the wicks, or gutter, 
reject them, unless they can be made, by judicious 
treatment, to bum properly. They may sometimes be 
made to burn with regular cups, by paring away the 
irregular parts. Any candles with their wicks much 
out of centre should be at once rejected. Store the 
selected pieces in a place of moderate temperature, and 
where the wicks will be safe from injury. The fol- 
lowing from " Remarks on Photometry,^' a paper by 
the Author, read before the British Association of Gas 
Managers, June 8th, 1870, expresses some of the cha- 
racteristics of a good sperm candle : — 

In respect to the selection of candles for experiment^ 
there are certain appearances about a good sperm candle 
when burning (and all must be burned preliminarily, 
to get them into a proper condition for use) which go 
far to show whether the candle is or is not a fair speci- 
men. These appearances can be much better practically 
illustrated than described, but the writer may mention 
some of them. The candle should bum with a shallow 
cup, and the sperm within an eighth of an inch of the 
top of the candle should, after it has been burning 
some time, be firm, and bear a good squeeze between 
the finger and thumb without yielding to the pressure. 
The wick should appear somewhat small and com- 
pactly woven, and not bend to an exceeding degree 
out of the upright. Lastly, on looking down into the 
sperm cup, there should appear to be a number of 
radial dashes (something like the dotted lines in a 
drawing, but much more irregular) extending from 
the wick to the circumference. If a candle contains 
paraffin or stearine, some or all of these peculiarities 
are wanting. The cup will be deeper, its edge will 
soften and give way to a very slight pressure, the 
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wick will be generally larger, and there will be no 
appearance of radial lines in the sperm cup. The 
peculiarities mentioned apply in part, however, only 
to candles which have been made some little time. 
Candles which are quite new generally bum some- 
what irregularly, and the radial dashes in the cup are 
mostly absent, doubtless owing to a temporary dis- 
turbance of molecular arrangement, consequent on the 
heating of the sperm when the candles are made. 

The conditions under which a candle is burned 
exercise a material influence on the amount of light 
which it yields, as well as upon the rate of consump- 
tion and uniformity of the light. The atmosphere 
surrounding it should be tranquil, otherwise the candle 
is almost certain to form an irregular cup, to gutter, 
and to smoke. If in a tranquil atmosphere the candle 
bums thus irregularly, it is an evidence of its unfitness 
for photometricaJ use. The candle may be fairly pro- 
tected by screens from draughts, but not, the writer 
thinks, absolutely enclosed in a box, inasmuch as, 
when so enclosed, the surrounding air may (unless, 
indeed, the box be enormously capacious) be some- 
what heated, the supply be not so free, and the candle 
be burned, in consequence, under abnormal conditions. 
Moreover, when so enclosed, its condition is not so 
readily observed by the operator. * * * 

At first the idea of selecting the candles may seem 
to involve the conclusion that the operator might make 
the gas to appear good or bad at will ; but in fact the 
selection would have just the contrary effect, and would 
narrow the boundaries within which errors might be 
made when exactness is required, and es- 
pecially when tests 'are made against a ga,s company, 
the results of which may subject the company both 
to pecuniary penalties and to discredit, no photometric 
estimation of the value of the gas should be accepted 
which was based upon less than three or even four 
consecutive experiments with different candles, each 
experiment lasting for at least ten minutes, so that an 
operator might easily make the whole test in one hoar; 
or if, as in mai^ cquntry to^i^, this would involve 

D 
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too mucli labour, if done in one evening, the examiner 
might make one trial on each of four evenings in a 
week, and then the average of the whole would repre- 
sent the illuminating value for the week. 

If, in such a series, one of the experiments should 
work out very discordantly with the rest, that expe- 
riment should be rejected, and a fresh experiment 
be made, or, if that be not possible, a mean taken from 
those experiments which were nearer in agreement. 
Such a practice would go far towards securing agree- 
ment between the results of different operators. 

60. — It is to be remarked that many operators prefer 
to burn the upper half of the candle from the point at 
which it is cut towards its apex^ the object being to 
approximate more nearly to uniform light and con- 
sumption, for as a candle tapers throughout its length, 
the lower half is continually increasing its diameter 
about the wick as it bums down, while the inverted 
upper half is as continually diminishing. The Author, 
however, has used candles in both ways, and prefers 
that which he has recommended, as the. compensation 
afforded by the other method is more theoretical than 
real. 

Testing OperationB. 

61.— Take the upper and the lower halves of one 
candle, or the lower half of one and the upper half of 
another, and place them in the candle-holders of the 
balance, so that at least an inch of each candle projects 
above the top of its holder. Warm the sperm about 
the wicks with a lighted taper, and ignite the wicks 
fully and completely. Let them bum for at least ten 
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minutes (para. 12^ Part 11.)^ so that the flames shall 
attain their m^jdmnm size. 

62. — ^The candles should be so placed in the holders 
that their wicks should bend away from each other, 
and in directions at right-angles with the line of the 
photometer bar. By this arrangement the centres of 
the flames will be made to coincide with the terminal 
point of the photometer. Some operators place the 
candles so that the line of bending of the wicks shall 
be parallel with the line of the bar, but with one wick 
bending over towardsy and the other bending away 
frorriy the disc ; but this plan is not so good as the one 
recommended. 

63. — ^The position of the wicks relative to the disc 
or bar is very important, for if the points of both 
wicks are turned towards the disc, the gas will be pre- 
judiced, and if both are turned away from the disc, 
the apparent value of the gas will be unduly exalted 
in the comparisons, because in the first case the true 
centres of the flames will be nearer to, and in the second 
case further from the gas-flame than they ought to be. 

64. — The adjustment of the gas to the 5 c. ft. rate 
per hour may be effected while the candles are pre- 
liminarily burning, especially if only one minute-clock 
be had for timing the rates of consumption, both of 
the gas and of the candles. 

65. — ^At the outset ascertain whether the meter, the 

governor, or governors, and also the gauge, are pro- 

d2 
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perly charged with water (29, 31, 40, 34),* then torn 
on the gas, and weight the service governor to give 
abotit *8 of an inch pressure. Screw the burner, 
which in the absence of any obligation to the contrary 
(35) should be, for common gas, a No. 1 London 
Argand ; use with the size of chinmey which will give 
the best result (10), which will be ascertained on trial. 
Clean the chimney thoroughly before placing it on the 
burner, a/nd do so on every after occasion before cow- 
fencing the testings. Fully open the micrometer 
cock (D. 20), and the stop-cock on the same tube. 
Place as many of the loose brasi»-weights upon the 
constant weight suspended from the beam of the experi- 
mental-governor, as will cause the gas to be delivered 
from the burner at the rate of about 5^ c. ft. per hour. 
In this and in the after operations the sliding weight 
on the governor beam may be used with advantage. 

66. — When the rate of delivery is sufficiently re- 
duced, operate with the micrometer until the short 
pointer of the meter makes exactly one revolution per 
minute. This may take some time, but, all conditions 
as to pressure remaining constant, the micrometer will 
need but little motion after it is once set. 

67. — Until quite familiar with the operations, it is 
best to start with both clock and meter at zero. Eaise 



* The water-level of each of these instruments must be examined, 
and, if needful, readjusted at least as often as at intervals of 7 days, 
aud most importantly the water-levels of the meter and gauge.^ — See 
A.pp9ndii( E. 
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the stopping leTer of the clock, press smartly on the 
top button, and the clock hands will 6j to zero. Turn 
the small pointer of the meter bapk until the long 
pointer is upright, and the small one overturned to 
the figure 4. Release, and as soon as the small pointer 
reaches the figure 5, swiftly press down the side lever 
of the clock. 

68. — Let both run for ten minutes, at the end of 
which time note the position of the meter hands, as 
explained on pars. 26 and 27. Take every care to 
secure 5 ft. rate. Small divergences, such as 4*9 or 
5*1, may be permitted and corrected for^ but much 
greater ones should not be permitted. 

69. — In every ease hum the gcbs /or 15 minutes 
before making any testings for illuminating power. 

70. — ^Tuf n next to the candles. If they have burned 
down much, push them up until fully an inch projects 
' above the holders. Stop the clock, and set it again at 
zero. Nearly counterpoise the candles with weights, 
shot, or glass beads, leaving the candles a trifle heavier 
than the counterpoise. Watch the balance until the 
candles and the opposing weights become equipoised^ 
and the pointer of the balance reaches the centre of 
its index* Instantly start the clock. Place 40 grains 
in the pan of the candle-holders, and proceed to make 
observations of the relative illuminating power of the 
gas and candles. 

BeaduLgs. 

71. — ^Move the slide carrying the photometer disc 
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between the gas and candle flames^ nntil a position is 
reached at which the spot on the disc is nearly invis- 
ible, or both sides are equally illuminated. Observe 
the graduation (18 and 19) on which the pointer of 
the slide rests, and record on paper. Make ten such 
observations within ten minutes , then give entire atten- 
tion to the candle balance, and when it again turns 
and its pointer reaches the centre of the scale, stop the 
clock, and note on paper the number of minutes and 
seconds during which 40 grains of sperm were burned. 

72. — It is to be observed that some little practice 
is necessary to determine the position of equal illumi- 
nation of the disc, for, owing to the difference in the 
colour of the lights usually contrasted ; the difference 
in the texture of the greased and ungreased parts of 
the disc, etc., the spot seldom becomes invisible ; but 
experience soon enables the operator to decide with 
certainty respecting equality of illumination (37). 

8*6 
8-4. 

73. — Supposing the ten con- 8-5 

secutive readings of illumina- s-g 

ting power to be as in the mar- g.g 

gin, the mean is 8'56, which, 8-6 

multiplied by two, as two candles 8*6 

are employed, indicates an illu- io)86^ 

minating power for the gas of 

17*12 candles. 2 

I7ia 
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74. — Such a resnlt as that just indicated would only 
be accepted as correct under the following conditions^ 

viz. : — 

That the gas had been burned at the rate of 

exa>ctly 5 eft. per hour. 

That the candles had burned at the rate of 
120 grains eadi per hour, or that the two had 
burned 40 grains in ten minutes. 

That the height of ba/rometer had been 30 
inches, amd the temperature 60^ F.* 

76. — ^Too much care cannot be exercised in adjusting 
the gas consumption to the exact 5 c. ft. rate^ but sup- 
posing that the rate was found to be 4*9 instead of 5 
c. ft. (26, 27), then correction must be made. The 
Bef erees make no mention of a correction of this kind, 
but direct that ''the rate of burning of the gas • shall 
" be five cubic feet per hour — a rate of consumption 
" which is shown by the hand of the meter making 
'' exactly one revolution per minute for several minutes 
'' consecutively.'* 

Correction for Gas Consumpl 

76. — ^Multiply the average illuminating power by 5, 

and divide by the actual rate of burning. Ex. : 
Average of readings • • 17*12 
Standard rate .... 5 



Actual do 4*9) 86*60 

Corrected average . 17*46 

* The temperature to be taken is that of the gas passing from 
the meter, and not that of the air. 
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77. — The range allowed in the consumption of the 
candles (8) corresponds very nearly for two candles 
with the burning of 40 grains in 10^ minutes for the 
lowest rate^ and with 9^ minutes f6r the highest rate. 

Correction for Candles' Consnmpt. 

78. — Multiply the average illuminating power (after 
any needful correction for gas) by the time in seconds 
due to the Standard rate, and divide the product hy the 
actual time of burning. Ex. : — 

Corrected average, for gas consumpt 

as per par. 76 17*46 

Time due to 40 grains, in seconds . 600 



Time actually occupied, say 

9mins.34secs., = sees. . . 574)10476-00(18-25 



Corrected average 18'25 candles. 

Corrections for Barometric Pressure and Temperature 

(13 to 16, 41 to 49.) 

79. — Multiply the corrected average last obtained by 
1,000, and divide the sum by the number which is in the 
table of Appendix, in line with the observed baro- 
metric pressure and under the observed temperature, 
which last must be that of the gas, as stated in the 
note to par. 74. 
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Ex, : — Corrected average as above, multiplied by 

1000 . 18250 

Bar. 30-3. Temp. 52^. Tab. No., 1030. 
1030)18250(17-71 candles. 

80. — In the first edition of "Photometry,^' which 
the Author published early in 1871, he states that it 
is not sufficient^ when exactness is demanded, which 
is the case when the illuminating power of the gas is 
sought for scientific purposes, or when it is sought for 
the purpose of ascertaining whether a gas company is 
fulfilling its obligations to the public, to deduce its 
illuminating power from any one set of ten observations, 
or from repeated sets of observations, against the light 
produced by the same candle or the same pair of can- 
dles j the gas-light should be compared against the 
light of different candles or pairs of candles, and the 
apparent illuminating value be taken as equal to the 
mean of the whole series of observations. The Ee- 
ferees require each gas-examiner to make three tests 
daily, but say nothing about using different candles in 
each testing, but without doubt this is done. Their 
instructions are as follow : 

" The average of each set of ten observations 
" is to be taken as representing the illuminating 
" power for that testing, and the average of the 
" three testings is to be taken as representing the 
" illuminating power of the gas for the day," 

81. — The Referees' directions as to corrections are 
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as under^ and, as before said, do not provide for any 

deviation in the rate of consumption of gas. 

The calcnlations for working out the corrections, &c., for 
the Uluminating power of the gas proceed in the following 
manner. Add the observations together and divide the 
sum bj 10 to get the average ; then, as two candles are 
used, mxdtiplj by 2, to get the illnminating power of the 
gas if tried against one candle. Then, as the standard 
rate of consumption of the candles (viz. 120 grains) is to 
the average number of grains consumed by each per hour, 
so is the above-obtained number to the actual Illuminating 
Power. Finally, make the correction for Temperature 
and Pressure, by dividing the illuminating power by the 
Tabular number. For example (taking the Tabular nxun- 
bera8l025):— 

Obhervations — 

Ist minute — ?'6 



2nd 
3rd 
4th 
6th 
6th 
7th 
8th 
9th 
10th 



?-4 
7-3 
7-5 
7-8 
7-4 
7-4 
7-5 
7-5 
7-4 



Consumption of the 2 
candles in 10 minutes, 
= 41 grains. 
3 



123 = Consumption 
of 1 candle per hour. 



Average, by 2 candles, 



10)74-8 

= 7-48 
2 



Average, by 1 candle. 
Consumption by one 
candle per hour 



= 14-96 

123 grains. 



} 



4488 
2992 
1496 



Carried forward 1840-08 
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Standard consumption 120)1840'08 

Correction for temp. 

and pres. [Table C] 1025)15-334(14-9 = corrected 

1025 lUnm. Power 

in candles. 

5084 

4100 



9840 

The foregoing calculation can be shortened as follows, 
which is the form prescribed in Appendix D. 



Obtervations — 1st minate — 7'6 


2nd 


7-4 


3rd 


7-3 


4tli 


7-5 


5th , 


7-8 


6th 


, 7-4 


7th 


7-4 


8th , 


7-5 


9th 


7-5 


10th 


7-4 



Average, by 2 candles, = 7'48 
Consumption by two ] ^^ . 
candles in 10 minutes . ) ^ ' 

748 
2992 

20)306-68 



Tabular number 
Table C. . . 



l-025)16-334(14-9 = corrected Ilium. 
1025 Power in candles. 

5084 
4100 



9840 
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82.— The gas consumpt may be corrected, and the 
Hoforecm' Hhortcst and prescribed method, as giTen in 
ilu) lant paragraph^ adopted, instead of those in 
pp. 70 and 78, by using the numbers in the Tables 
A and \i, and working in accordance with the roles 
which a(*('()Tnpany them. . 

AV. /— OliHcrvations : 1st minute 

2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 

Avorago by 2 candles 
(Jan rato, 4*9 ; multiplier, 
Appondix; 1*02 . . 



inute . 


> 1 




8-2 


yf ' 


• 




8-1 


f} 


> < 




81 


ff 






8-0 


9f 


t 




7-9 


}f 






7-9 


99 


^ 




7-8 


99 






8-0 


99 






7-9 


99 


1 




7-9 


• • 


7-98 


r Table A 


9 




• • • 




1-02 




1596 








7980 



Corrected for gas rate (75). 
Candles : time occupied iu burning 
40 grains sperm, 9 mins. 34 sees, 
instead of 10 mins=consumpt for 
1 mins. by Table B, Appendix, 
41*81 grains 



8-14 



Total carried forward . 



41-81 

814 
6512 
814 
3256 

340-3334 
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Divide the sum by 20, or point off an 
additional decimal place to the left 
and divide by 2. . . Ex. 2)34-03 (=17'01 



Multiply by 1000, and divide'by the 
number (Table C, Appendix) for 
the observed pressure and tem- 
perature — say bar. 30'3 and ther. 
50^ = 1030 , . . 1030)17010(16-51 jS^^on. 

1030 



6710 
6180 



5300 
5150* 

83. — The Referees direct that '' the gas-examiner 
''shall record his observations and calculations for 
"determining illuminating power in the form pre- 
" scribed^' — which form will be found at D in the 
Appendix, with figures filled in by the Author. It 
will be observed that all the calculations are shown in 
detail, except that which may sometimes need to be 
made for excess or deficit in the consumption rate of 
the gas. 

84. — When done with for the time being, extinguish 
the candles (58), taking care to preserve the wicks in 

• To shorten the calculation, instead of dividing by 20 and multi- 
plying by 1000, the sum (340*3) may bo multiplied by 60, and the 
Tabular number then used to dividQ» 
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good condition. Leave the micrometer and governor 
in adjustment^ and torn down^ or turn off^ the gas to 
the burner^ by means of the stopcock to the left of the 
micrometer.* 

OBDINABT FHOTOMETEBS. 

85. — In years gone by, photometers of more 
primitive construction than that hereinbefore de- 
scribed, were permitted to be and were used for oiBBlcial 
testings. Such an instrument, as constructed by the 
late Mr. King, of Liverpool, is shown in the annexed 
print. The bar may be 60, 60, 75 or 100 inches in 
length between the lights — generally of the greater 
length — and is supported at one end by the candle 
pillar and at the other end by the gas pillar, the latter 
being provided with a micrometer and pressure gauge. 
The graduations on the bar are, of course, proportioned 
to the length. The slide has no rollers (20), nor has 
the disc-holder any reflectors. The meter and governor 
are identical with those 'already described, but the 
balance, B, is different from, and inferior to, that of 
the Standard photometer, while the clock is of the 
pendulum kind, and beats seconds. It also strikes 
every minute, giving warning by a click five seconds 
before striking. Such clocks are still frequently used 
with the Standard apparatus. 

* The test for snlplmretted hydrogen may be made at any conve- 
nient time, while matters are getting ready for photometric testings. 
See par. 89. If a fonl paper results, it is usual to date it, and keep 
it for reference in a dark place, and within a stoppered bottle. 
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86. — This kind of photometer is sometimes employed 
by burner makers, in commercial determination of the 
value of gas produced from various coals, etc., and, in 
a modified form, by candle and lamp manufacturers. 

87. — The meter, governor, and gauge, must be 
charged with water, and the gas adjusted to Standard 
rate, as described ^under '' testing operations '* with 
the Standard photometer (65 et seq.), but the method of 
taking the time is, of course, difEerent. The clock 
weight is pulled up by its cord and the pendulum set 
in motion, and when it has attained its proper swing, 
the short pointer of the meter index may be turned 
back to zero, and kept close thereto by gently touching 
until the clock strikes j the time is then noted, and 
the agreement of the speed of the meter with that of 
the clock confirmed by observing the meter during 
several minutes. It is quite easy, however, to deter- 
mine the extent of any excess or deficit in consump- 
tion during ten minutes (26) with the pendulum 
clock. 

88. — In the old way of operating, the candle, in a 
proper condition for use (58 et seq,)^ was first weighed 
along with a small piece of sperm, then, when the 
clock struck at some observed minute, the wick was 
lighted as fully as possible, and the candle at once 
placed in the socket at the end of the bar. At the 
end of the 10th minute, when the 10 photometric read- 
ings were completed, the flame was blowA put^ after 
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tlie wick had been toaclied with the piece of sperm 
which was weighed along with the candle, and both 
were returned to the balance and reweighed. This 
method is highly objectionable,* and a better, although 

* Another important matter is the accurate determination of the 
rate of consnmption of the candles. The writer is f nllj aware that 
most photometrists take the utmost care in this matter, and find the 
rate eren to the lOOth of a grain ; bat there are some who are con- 
tent to use scales not capable of weighing closer than half-a-g^ain. 
Now if, for the sake of argument, it is admitted as a fact that, within 
certain narrow limits, the light yielded by a candle is in direct pro- 
portion to the quantity of material consumed, then such a defect in 
weighing, with one candle and ten minutes as the time of burning, 
would induce an error of 2i per cent., which, in 14-candle gas, would 
amount to more than a third of a candle's value. 

The method of weighing the candle before lighting, using at the 
photometer, extinguishing and reweighing, should be utterly dis- 
carded ; not on the ground that the weighing may be inaccurate, but 
because the candle cannot, in an instant, be completely put in a pro- 
per state of burning, and consequently the readings of the photometer 
during the first two or even three minutes will be much above the 
real comparative value of the gas. 

The real lighting value of a candle may be considered as the 
average of its light during the whole time it bums, and as the 
average of its light during the first ten minutes after ignition would 
be undoubtedly considerably lower than the average for the whole 
time during which it is capable of burning, it is manifestly unfair to 
employ the candle under the conditions mentioned. 

Even the ordinary system of weighing the candle while burning 
at its best, then removing it from the balance to the photometer, and 
thence again in due time , to the balance, is objectionable — ^first, on 
account of the needless trouble thrown upon the operator, and, more 
importantly, on account of the liability to disturb the reg^arity of 
combustion by the necessary motion, and also to destroy an experi- 
ment by the dropping or spilling of sperm. 

The only method of weighing which Is at once rational, facile, 
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still imperfect method, is, to put the candle in a 
holder which can be removed from the candle pillar. 
Let the candle bum steadily for ten minutes ; then 
place the holder, with the burning candle and a small 
piece of sperm, in a suitable balance. Nearly counter- 
poise the candle with weights (70) .• Observe what num- 
ber of minutes and seconds are indicated by the clock, 
and count on in seconds (beats) until the balance turns. 
Note the time on paper. Gently remove the candle to 
its position on the pillar, taking care that the wick 
bends over in a direction at right angles with the line 
of the bar (62). 

89. — After completing the observations with the pho- 
tometer (61 — 73), and just before the expiration of the 
ten minutes, gently remove the candle socket from the 
pillar, and, when time is up, touch the wick with the 
piece of sperm, blow out the flame, and return all to 
the balance. Counterpoise by adding weights on the 
candle side; the number of grains and parts of a 
grain required, will be equal to the weight of sperm 
burned if the operations be properly conducted ; with 
the exception of a small error, due to the different 
conditions of weighing — the upward draught with a 
lighted candle causing its apparent, to be less than its 
actual weight. The error, however, is very trifling, 
and is mentioned merely as a matter of interest, for 



and aocorate, is that in which the candles are weighed in situ ; tiiat 
is, while in position for photometric comparison. — " Bemarh* on 
Photoinetry" 
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it is not likely that any differencee would be dis- 
covered with an ordinary balance. 

90. — Supposing the readings were as in the margin, 
the average indicates an illuminating i^'^ 

power of 14*39 candles. Correct for i4-4 

excess or deficit in gas consumption ^^.3 

(Appendix, Table A.), and multiply ^^'^ 

the average by 20 (the number of u-5 ' 

grains which ought to be burned by 14.4 



one candle in 10 minutes), and divide 10) 148.9 



by the actual number of grains of 14*39 

sperm burned. Finally, if exactness be desired, cor- 
rect for pressure and temperature (79). 

THE mFERENTIAL OR JET FHOTOMETES. 

91. — The late Mr. Geo. Lowe is entitled to the 
credit of having applied the Jet Photometer as a con- 
stant indicator of the quality of the gas being manu- 
factured. For this purpose it is invaluable to the gas 
maker ; a mementos inspection of the height of the 
jet flame, produced under a constant pressure, indi- 
cating to him whether the gas is sufficiently good in 
quality, and if not, the necessity of an immediate 
investigation and the adoption of remedial measures. 
Doubtless other engineers also applied the jet in a 
similar maimer, and for the same purpose, but there 
is reason for believing that their contrivances were 
less perfect than Mr. Lowe's, and that they attached 
less importance to the indications of the instrument 
than that gentleman did. 

E 2 
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92. — Dr. Fyfe of Aberdeen^ however, regarded the 
jet with great favour when used as a durability test, 
i.e., when used to discoyer how many minutes a cubic 
foot of gas would maintain a flame of specific length. 
Dr. Fyfe was not, howerer, satisfied that this method, 
by itself, indicated the actual relative value of gases, 
but supplemented the durability test by condensation 
with chlorine, and combined the results of the two 
tests. Hence, his experiments and statements (pub- 
lished in the ''Journal of Gas-Lighting,^' in 1849) 
were regarded, probably, as of doubtful value, and 
the durability-test, in consequence, was somewhat dis- 
credited. 

93. — The Jet Photometer is represented in the 
engraving. It is a delicately constructed King^s 
gauge, similar to that described in par. 32, but it is 
surmounted by a steatite jet burner, in front of and 
behind which are glass plates, graduated upwards from 
the level of the burner top, into inches and tenths of 
an inch. The gauge is enclosed in a glazed wood case, 
having a copper chimney on its top. On one side of 
the case two dry governors are fixed, through both of 
which the gas passes, the second one being weighted 
to give a lesser pressure than the first. From the out- 
let of the second governor the gas is conducted through 
a pipe furnished with a regulating cock to the gauge. 
By these appliances the gas pressure is readily adjusted, 
and its regularity maintained. On the opposite side 
of the box a water cistern is fixed, and by means of a 



60 

I 

tliree-waj cock beneath^ water maj be admitted into^ 
or be allowed to escape from^ the gange. 

To set the Jet Photometer at work. 
94. — Set the instrament on a firm and level base or 
support. GarefuUj remoye the float and the packing pa- 
per from the cylinder. Replace the float in the cylinder, 
so that its cord lies in the front groove of the wheel 
above it. Pass the cord of the weight round the back 
groove of the wheel, and let the weight hang in oppo- 
sition to the float. Take care not to strain the cords. 
Attach a gas supply pipe to the inlet of the governor. 
Pour water gently into the cylinder until the pointer 
exactly reaches the zero of the pressure scale. If too 
much water be put in, draw off the necessary quantity 
from the side cock. Tuni on the gas, ignite it at the 
jet, and apply a sufficient number of shot or of pieces 
of metal to the second diaphragm of the double gover- 
nor to cause the gauge to indicate say 8 or 9-lOths pres- 
sure. Put the glass scales in their position behind and 
before the burner, and make any further reduction 
which may be needed in pressure, by the aid of the 
cock or valve at the side of the instrument. Readjust 
the water level once a day. 

95. — ^The instrument is sometimes " rated,*' i.e., the 
length of flame corresponding to a certain quality of 
gas delivered under a certain pressure is determined 
by the maker, but the writer thinks that every gas 
manager should determine for himself the value 



61 



of the indications of the instrument which he em- 
ploys. This he can easily do if he has a Bunsen pho- 
tometer and is in the habit of using it^ the addi- 
tional trouble which is needful being very small. The 
advantages of this course are, that the manager would 
satisfy himself respecting the degree of confidence to 
be put in the particular instrument supplied to him, 
and if he extended his observations over a period of a 
few weeks, he would be able to construct a table of 
reference of great value. 

To Rate the Jet Photometer. 
96. — Connect the instrument, as above directed, 
to the service pipe from which the gas is supplied to 
a Bunsen Photometer. Make ten observations with 
the Bunsen Photometer (61 et seq.), and as nearly 
simultaneously as possible with each of the observa- 
tions note the length of the jet flame and the acting 
pressure. Take the mean of the lengths of the jet 
flame, and record it in a book, together with the mean 
of the pressures, if necessdry. The pressure should 
not, however, vary. Record also the illuminating 
power of the gas as determined by the Bunsen Photo- 
meter. Repeat the experiment, using a second candle 
or pair of candles. Continue the comparative expe- 
riments until a table, embracing a sufficient number of 
observations, has been constructed. 
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SECTION n. 



THE 
E8TIMATI0K OF IMFUSITIES DT 00AIr«A8. 



97. — Most of the Gas Companies in the United 
Kingdom are under no more stringent obligations in 
respect to the parity of the gas they snpply, than that 
which is specified in the Schedule A^ Part 11. of the 
Gas Works Clauses Act of 1871 (see par. 12). But 
when any Gas Company is under obligations similar 
to those imposed upon the Gras Companies of London^ 
then it becomes the duty of the Analyst to ascertain^ 
not only (1) the freedom of the gas from sulphuretted 
hydrogen^ but also (2) the quantity of ammonia^ and 
(3) the quantity of sulphur, " other than sulphuretted 
hydrogen,'' which 100 cubic feet of the gas contains. 

Duration and Mode of Testing in London. 

98. — ^The testings extend over twenty hours of each 
day, and are made on 10 cubic feet of gas, tested 
successively for each of the following impurities. 

99. — Sulphuretted Htdbogen. The gas as it leaves 
the service-pipe passes through an apparatus, in which 
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are suspended slips of bibulous paper, impregnated 
with basic acetate of lead (39). 

100. — ^Ammonia. The gas on its exit from the 
apparatus above-mentioned, passes through another 
apparatus, consisting of a glass cylinder filled with 
glass beads, which have been moistened with a 
measured quantity of standard sulphuric acid. For 
want of a better name this vessel may be called the 
'' Saturator.'' 

101. — Sulphur Compounds. On leaving the " satu- 
rator " the gas passes next through a meter, by means 
of which the rate of flow can be adjusted to half a 
cubic foot per hour, which meter is provided with a 
self-acting movement for shutting oS the gas when 
ten cubic feet have passed. From the meter the gas 
passes to the '^ sulphur test,'^ where it is burned 
in air impregnated with ammonia ; the water vapour 
which is formed being condensed and collected, and 
with it the sulphur and other condensible products 
which arise from combustion. 

102. — ^The arresting of the ammonia by acid, and 
the burning of the gas under the conditions indicated, 
are preliminary processes. The after processes consist 
in the finding (1) the quantity of acid which has en- 
tered into combination with the ammonia from the 
gas, and (2) the weight of barium sulphate precipi- 
tated from the condensed products of combustion on 
the addition of barium chloride. 



Preparatioii of Solations. 

103. — For eBtimating the quantity of ammonia in 
gas two Holntions are required, one containing 1 grain 
of ammonia ( NHj ) in 100 meaaares of the solution, 
the other containing a little more than 2'88 grains of 
^ Bulphuric acid ( SO* Hj ) in 25 

^^ meagoreB of the aolutiocj i.e., such 
a quantity of acid as will combine 
with and completely neutralise one 
grain of ammonia, and for the pre- 
paration and use of these the follow- 
ing glass vessels are required : — a 
mixing jar (fig. 11) graduated into 
100 parts, which, when charged 
fjo with any fluid to the 100th line, 

whih atandirtg on a level hase^ 
^7Ti%y measures exactly one-tenth of a 
Fig. 11. gallonofsuohfluid;pipettes(fig.l2), Fig. 12. 
which, when charged with liquid up to the mark on 
the stem, deliver an exact number of septems ; two 
burettes (fig. 13)^ on a wooden stand, S, one for use with 
acid solution, and the other for use with alkaline 
solution. Each burette is graduated into 100 parts 
(septems), and each part is subdivided into fifths. A 
septem is equal to the one ten-thousandth part of a 
gallon, or to seven grains weight of pure water at 62° 
Fahr. These burettes are furnished with Mohr's pinch- 
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cocks, P, P', Erdmann's floats, E, E', and with fun- 
nels, P, F'. 

104. — Sulphuric 
Acid. The gravity 
of pure strong acid 
is 1*848, its com- 
position SO4 Ha, 
and its combining 
weight 98. The 
weight of the two 
molecules of am- 
monia, required to 
satisfy 98 of strong 
acid, is 34; so 
that 2-8824 grains 
of the acid are 
required to com- 
bine with one grain 
of ammonia. One 
septem of such acid 

weighs 12-922 

Pig. 13. r 

° grains; conse- 

quently, about 9*2 septems of it are required in the deci- 
gallon of the solution, which should neutralise four times 
its own Yolume of the standard ammonia solution ; but, 
as strong acid is likely to be somewhat below 1*848 
gravity, it is better to have a slightly excessive quan- 
tity j therefore charge the deci-gallon mixer while it 
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I stands on a level base with pore distilled 
> wuter* until the centre of the meniscus 
[ or holloTT of the water surface coincides 
L with the tap line of the mixer, then add 
as nearly as possible d'4 septems of pure 
concentrated sulphuric acid, which may 
Fig. 14. be accomplished either by the use of a 
properly divided burette or by the assistance of a 
graduated pipette. If the latter, hold the pipette 
between the fingers and thumb, dip the pipette into 
the strong acid until it is charged up to the requisite 
line on the stem. Press the forefinger, previously mois- 
tened, firmly on the opening at the upper end, fig. 14., 
and pass the pipette and contents over to the open 
mouth of the mixer. Lift the forefinger, and the con- 
tents of the pipette will fall into the mixer. Insert 
the stopper of the mixer tightly and well shake the 
vessel. 

105. — If it be desired to prepare a lao-ger quantity 
of the test acid at one time, " Measure a gallon of dis- 
" tilled water into a clean glass jar or other suitable 
" vessel. Add to this 94 septems of pure concentrated 
" sulphuric acid and mix thoroughly." A deci-gallon 
of water and 9'4 septems of strong acid will together 



* Wat«r oontaimog impimtiea ia aometimeB sold aa "diBtilled-" 
Acidulate a portion witli a few dropa of diloted hydrochloric acid, 
(md then add chloride of barium solution. Add to another portion 
diluted nitric acid, and then a little nitrate of silver eolation. Both 
portiona should remain clear. 
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equal the volume of 1006-9 instead of 1009-4 septems, 
while a gallon of water with 94 septems of concentra- 
ted acid will of course be equal to 10^069 septems. 

106. — To determine the strength of the test acid 
remove 50 septems of it from the mixer or vessel in the 
following manner : — take a clean and dry 50 septem 
pipette, dip its point into the solution, apply the lips to 
the upper end and suck* until the liquid rises to a 
little above the mark on the stem. Cease sucking, 
and immediately press the finger on the top, in the 
way directed in par. 104. The pipette can be pro- 
perly charged only in this way when used as an exact 
measure, as its exterior must then be kept dry. 

107. — Hold the pipette before the eyes, and, by 
partly raising the forefinger, allow any excess of acid 
to drop from the point into the mixer, until the centre 
of the curved surface of the liquid coincides with the 
mark on the stem; immediately transfer the 50 septems 
of liquid to a clean beaker or flask, and to ensure the 
delivery of the last drop, gently blow through the 
pipette while its point is touching the side of the glass 
vessel. 

108. — Treat the liquid with barium chloride, and 
determine the quantity of sulphate produced as de- 

* Gantion must be nsed in filling the pipette with solutions, in 
order to avoid their entry into the month. The point of the pipette 
mast be kept well immersed while sucking. Strong ammonia, strong 
acids, and all fluids which give off fumes bf poisonous or irritating 
character, must not be so sucked. 
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scribed in par. 136 et seq. ''The weight of barinm 
sulphate which 50 septems of test acid should yield 
is 13*8 grains. The weight obtained with dilute acid 
prepared as aboTe will be somewhat greater, unless 
the sulphuric acid used had a specific gravity below 
'' 1*848.^' To determine the quantity of water which 
musl; be added to the solution, divide the number of 
septems of test acid contained in the mixer or vessel 
by 13*8, and multiply the quotient by the difference 
between 13*8 grains and the number of grains of sul- 
phate obtained. 

109. — ^Thus, with a ded-galUm of water and 9*4 
septems of strong acid, the original volume will be 
1006*9 septems, and after 50 septems have been re- 
moved there will remain 956*9 septems, which, divided 
by 13*8, gives a quotient of 69*34. If the excess of 
sulphate be 0*15 grain, then 69*34 X 0*15 gives 10*4, 
the Aumber of septems of water needful to be added. 

110. — If a gallon of water be used with 94 septems 
of strong acid, the original volume will be 10,069 sep- 
tems, and after the abstraction of 50 septems there 
will i*emain 10,019 septems, which, divided by 13*8, 
will give a quotient of 726, which, multiplied by 0*15, 
will give 108*9 septems as the quantity of water to be 
added. 

111. — "If these operations have been accurately 
performed, a second precipitation and weighing of 
the barium sulphate obtainable from 50 septems of 
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" the test acid will give nearly the correct number of 
'^ 13*8 grains. If the weight exceed 13*9 or fall 
''below 13*7, more water or sulphuric acid must be 
'' added until the weight falls within those limits/' 

112.— If, on a second precipitation and weighing, the 
test acid is found still to be too strong, the additional 
quantity of water to be added may be found by the 
above rule, but regard must be given to the quantity of 
solution, thus : — the 956*9 septems mentioned (109) will 
have been increased to 967*3, about, by the addition of 
10*4 septems of water, and, after the abstraction of 50 
septems for a second test, there will remain 917*3 sep- 
tems only to be divided by 13*8, in order to obtain a 
quotient to be multiplied by the excess weight of sul- 
phate obtained. ''The test acid thus prepared should 
" be transferred at once to stoppered bottles which have 
" been well drained and duly labelled.'' 

113. — Ammonia. Strong solution of ammonia has 
usually a gravity of about *88, and contains about two 
grains of absolute ammonia (NH^^ per septem. Hence 
5 septems to the deci-gallon should give a solution of 
nearly the right strength. If it be desired to make a 
larger quantity, measure a gallon of distilled water 
rnto a clean glass vessel, " and mix it with 50 septems 

of strong solution of ammonia (sp. gr. 0*88). Try 

whether 100 septems of the test alkali thus prepared 
" will neutralise 25 of the test acid ; if the acid is just 

neutralised by the last few drops, the test alkali is 
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" of the required strength/' To perform this experi- 
ment, the burettes (fig. 13) must be used. 

114. — Fix the burettes perfectly upright, at a 
convenient elevation on the stand. Pour a few 
septems of the ammonia solution into the burette A. 
Place a glass beaker, V, below the burette, open the 
pinchcock, and let the solution flow out. Charge the 
burette fully with a fresh portion of the solution, and 
remove the funnel. Charge the burette B in the same 
way with test acid. Bring the engraved line of each 
float on a level with the top line on the burette, by 
opening the pinchcock and letting any excess of solu- 
tion drop into V. 

Note. — The burettes must be kept dry outside ; if 
any solution flow over when charging them, 
they must be carefully wiped. 

115. — Place a perfectly clean glass beaker, or a 
small flask, below the burette B, and let fall into 
the vessel exactly 15 septems of acid solution, which 
colour with two or three drops of tincture of logwood. 
Into the same vessel let fall from A, su£&cient of the 
ammonia solution to change the colour of the liquid 
from yellow to pink. The last additions must be made 
in single drops, and the mixture shaken between each 
addition, or stirred with a glass rod. If more or less 
than 100 septems of the ammonia solution be required 
to neutralise 25 septems of the test acid, " small ad- 
'^ ditional quantities of water or of strong ammonia 
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aolation mnst be added [to the solution in the deci- 
gallon mixer or jar], and fresh trials made, antil 
the proper strength has been attained. The bottles 
in which the solntion is stored shonld be filled nearly 
full, well stopped, and labelled." 
116. — Akxosia. Appahatdb. The Saturator (100), 




Pig. 15. 
as shown at S, fig. 15, is a glass vessel filled with 
glass beadB, and it has a moveable nosepiece at N, and 
a glass cock at C. It is supported in a perfectly 
horizontal position upon a stand. 

117. — The meter employed, like that described in 
par. 22, iudicateH the hourly rate of consumption by 
observfttiouB of a minute's duration, but its index 
registers up to 10 cubic feet, and it is in addition 
capable of automatically stopping the flow of gas when 
the long pointer reaches the figure 10. Two dry gover- 
nors are fitted into a box on the top of the meter, the 
outlet of which is connected by means of a bent pipe 
(furnished with a vent cock) to the inlet of the first 
governor, which ia loaded with a fixed weight, and 



72 



delivers the passing gas to the inlet of the second 
governor^ which carries a small pan^ in which small 
weights or shot are placed to give the needful pressure 
for the delivery of the gas at the rate required* The 
adjustment of the rate may be also partly effected by 
means of the cock (C ', fig. 15) j which may be provided 
with a micrometer. The stopping action consists of 
a cock and lever^ the first being within, and the latter 
extending from the plug of the cock to the outside of 
the meter case^ and there terminating with a ball. 
When nearly upright, the lever is kept up by a catch 
behind the index, and the cock in connection is then 
open, but when the long pointer reaches the figure 10 
on the dial, the catch is lifted, the lever &lls, and 
thereby closes the cock and stops the flow of the gas. 
A small bolt is also provided on the top of the meter, 
to keep the lever from falling during adjustment of 
rate. 

118. — SuLPHUE. Various apparatuses have been in- 




Fig. 16. 
vented and employed in which to bum the gas, andtocon- 

denseand collect the products of combustion [102(2)]. 
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Those most employed are represented in figs. 16, 17, 
and 18. Fig. 16 represents tlie original iustmment 
devised and introduced by the late Mr, Alex. Wright — 
fig. 17, Dr. Letheby's instrument — and fig. 18, the 
Referees' apparatus, which is now used in London. 
Fig. Id is an admirable apparatus, proposed by W. 
Valentin, Esq., of the Royal College of Chemistry, but 
which has not yet been much applied in commercial 
testing. 

119. — The analysis of the products arising from the 




Fig. 17. Fig. 18. 

combustion of equal volumes of the same gas in these 
several instruments, indicates different quantities of 
sulphur in the gas. The products from Wright's 




Tig. 19. 

jndic&te the least quantity, &otn Dr. Let&eby's and tLe 
Referees* apparatus more than those from Wright's, 
while it is supposed that the products from Mr. Valen- 
tin's apparatus indicate the entire quantity of sul- 
phur contained in the gas burned, 

120, — In order to obtain resultB with each instru- 
ment which shall be comparable and exact as possible, 
it is indispensable that the gaa be burned at a uniform 
rate on all occasions, that the flames be steady, that 
the products be condensed under the same tempera* 
ture, that no sulphur vapours be produced in the room 
by the ignition of lucifer matches, etc., and that any 
gaa flames which may be employed for lighting shall 
be ventilated — that is, have the products of their com- 
bustion conveyed out of the room as fast as they are 
produced. The Gas Referees indeed say, "the testing 
" shall be made in a room where no gas is burnt other 
" tha/n that which is being tested for sulphur and am- 
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121 . — ^Wright 'a apparatus {fig- 1 6) is a modification of 
the Liebeg condenser. The vessel B is to be charged 
with 2 oz. of strong fresh ammonia^ and the gas 
burned from the jet burner within the chimney C a 
the rate of half a cubic foot per hour, A gentle 
stream of water is generally allowed to flow through 
the condenser so as to maintain the temperature at 
SO^ to 90®, The condensed products are collected in 
the beaker^ R. 

122, — ^With the Letheby apparatus {fig. 17), the 
same quantity of ammonia as above stated is put into 
the wide-mouthed bottle B, which is covered by an 
inverted funnel, to which is attached a small wrought 
iron tube, the end of which should project one inch 
above the top of the burner. The condensible pro- 
ducts are collected in the glass vessel, P. The gas in 
this instrument is generally burned at the rate of one 
cubic foot per hour. 

123. — ^The Eeferees' apparatus (fig. 18) consists of 
a small Bunsen burner with a steatite top, which is 
mounted on a short cylindrical stand. A, perforated 
with holes for the admission of air, and having on its 
upper surface a deep circular channel to receive the 
wide end of a glass trumpet- tube. On the top of the 
stand, between the narrow stem of the burner and the 
surrounding trumpet-tube, C, are placed pieces of 
commercial sesqui-carbonate of ammonia, weighing 
in all about two ounces.* 

■ ■ - - — - - , _ 

• Mach of the sesqiii-carbonate sold contains bi-carbonate of am. 
monia, and the excess of CO2 materially interferes with the condeo^ 
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The products both of the combnstion of the gas 
and of the gradual volatilisation of the ammonia salt 
go upwards through the trumpet-tube into the vertical 
glass vessel, T, packed with balls of glass, to break 
up the current and promote condensation. From the 
top of the cylinder there proceeds a long glass pipe 
or chimney, D, serving to effect some further conden- 
sation, as well as to regulate the draught and afford 
an exit for the uucondensable gases. In the bottom 
of the cylinder is fixed a small glass tube, through 
which the liquid, formed during the testing, drops into 
a beaker, E, placed beneath. The further instructions 
relating to this apparatus are as follows : — 

See that the inlet-pipe fits gastight into the burner 
[at A], and that the holes in the circular stand are 
clear. If the burner gives a lummous flame, remove 
the top piece, and, having hammered down gently the 
nozzle of soft metal, perforate it afresh, making as 
small a hole as will give passage to half a cubic foot 
of gas per hour at a convenient pressure. 

See that the tubulure [D] of the condenser [T] has 
an internal diameter of not less than f -inch, and that 
its outside is smooth and of the same size as the small 
end [C] of the trumpet tube. 

See that the short piece of india-rubber pipe fits 
tightly both to the trumpet-tube and to the tubulure 
of the condenser [C, D], 

The small tube at the bottom of the condenser 
should have its lower end contracted, so that, when 
in use, it may be closed by a drop of water. 

sation of the Bnlphnr acids. However, two or three pieces of the 
carbonate, each about the size .of a marble, placed on the top of the 
balls in the oondenser T (fig. 18) will, according to Mr. Heisch's ex- 
perience, indaoQ proper ooudensatiom 
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^The india-mlDber pipe at the lower end of the chim- 
ney-tube should fit into, and not simply rest npon, 
the month of the condenser, and the npper extremity 
of this tnbe may, with advantage, be given a down- 
ward cnrvatnre. 

124. — Valentines apparatus (fig. 19) is not in ordin- 
ary use, and it will therefore be sufiicient to say that 
it consists of a platinum or porcelain combustion tube, 
a gas furnace, the vessels shown in the woodcut, and 
an aspirator. The platinum combustion tube is filled 
partly with a platinum- wire cage, charged with spongy 
platinum and partly with soda lime (made by slacking 
pure lime with a solution in distilled water of pure 
caustic soda). The tube is then placed in the gas 
femace, and maintained at a high temperature, while 
a measured volume of gas mixed with a due propor- 
tion of air, is sucked, as it were, by means of the 
aspirator, through the combustion tube. The mixture 
of gas and air bums when in contact with the spongy 
platinum, and the products pass through the soda- 
lime, which absorbs all the sulphuric acid generated 
by the combustion of the sulphur in the gas. The 
porcelain tube contains only a cage of spongy platinum, 
the products being drawn through a solution of soda- 
lime contained in a glass flask, whereby the sulphuric 
acid is absorbed. The ^oda-lime used in the platinum 
tube is taken out and dissolved in dilute hydrochloric 
acid, or, if the porcelain tube be used, the soda-lime 
solution is acidulated with dilute hydrochloric acid. 
The after processes are similar to those which are 
hereinafter described. 
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tip. 

125. — ^The bench or table upon which the instru- 
ments are to rest^ must be level and firm^ and not be 
subject to vibrations. The room (or a chamber which 
may be formed by dividing off a part of the photo- 
meter room by a glazed enclosure) should be as large 
as possible, freely ventilated, and have no gas burning 
within it save that below the sulphur test.* 

126. — If the tests are to be made in the same way 
as in London, fix the test glass (99) upon a stand at any 
convenient position on the bench, connect a metal gas- 
service pipe to its inlet-pipe, connect its outlet (which 
should, like the inlet, be below the test-glass) to the 
saturator S., fig. 15, by a short piece of red or hlack^ 
but not grey, india-rubber tube. Complete the con- 
nections by short pieces of the same kind of tube from 
the outlet of the saturator to the inlet of the meter, 
and from the outlet of the latter (C, fig. 15) to the 
burner of the sulphur test. Charge the meter with 
water in the same way as directed, for the meter 
par. 29, taking care that it and all the instru- 
ments stand perfectly level. Close the cock, C, fig. 15. 
Turn on the gas and let it escape from the vent-cock 
of the meter for five or six minutes, then close the 
cock and try all junctions for soundness, which must 
be absolute, 

* If the room be freely ventilated, and bnt little gas bumetl 
within it, this refinement may in many cases be neglected. 
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To set the Apparatus at WorL 

127. — Suspend slips of acetate of lead paper in the 
sulphuretted hydrogen test-glass (99). 

128. — Eemove the saturator S, fig. 15, from its 
stand, take out the nosepiace N, and close the glass 
cock. Bemove also the glass tube from above the 
sulphur test burner. Charge the saturator from the 
burette B, fig. 13, or from a pipette with "50 septems 
" of the test acid (which is greatly in excess of any 
" quantity of ammonia likely to be found in the gas,* 
" so as to well wet the whole interior surface, and 
also the glass beads. Any ammonia that is in the 
gas will [in its passage through the vessel] be 
arrested by the sulphuric acid, and a portion of the 
acid (varying with the quantity of ammonia in the 
" gas) will thereby be neutralised.^' 

129. — Beplace the saturator on its stand, and recon- 
nect it with the gas supply and the meter. Charge 
the vessel (B), if Wrights or Lethebys, with ammonia 
(121, 122), or if the Eeferee's instrument be used, place 
about 2 oz. of fresh sesqui-carbonate of ammonia around 
the burner (123). 

130. — ^Tum back the index pointers of the meter 
until both are upright, and the stopping lever is held 
up by the catch. Pull forward the bolt (117), turn on 

* Unless the gas contains more than about 6 grains of ammonia 
in 100 c. ft. In such case the acid used must be stronger, or two 
saturators in line be employed. 
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the gas, light the sulphur test burner, replace trumpet 
or other tube, and promptly re-connect with the con- 
denser. Turn the lever of the meter (which will pro- 
bably have been freed from the catch) to the left, and 
then push back the bolt. See that the gas is burning 
at the required rate per hour. 

Note. — ^When first starting, the adjustment 
may be conveniently made by charging the satu- 
rator with 50 septems of water, then weighting 
the second governor on the meter, and regulating 
the delivery cock until the gas bums at the pro- 
per rate. When this is effected, remove and drain 
the saturator, wash well with distilled water, drain 
as thoroughly as possible, charge with test acid, 
and set the apparatus going. Also it is well to 
provide means whereby to deliver gas direct from 
the service pipe to the meter, so that air may be 
quickly swept out of it through its vent-cock. 

ANALYSIS. 

131. — Ammonia. ''At the end of each period of 
testing [when 10 cubic feet of gas have traversed 
the saturator],* the glass cylinder and its contents 
" are to be well washed out with distilled water, and 
the washings collected in a glass vessel. One half 
of the liquid is to be taken in a separate glass ves- 
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* If it be desired that the meter should stop when a smaller 
volume, say 6 c. ft., of gas has passed, set the long pointer at the 
fig. 5 on the dial when starting the test. 
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sel, and a quantity of solution of heBinatoxlylin* 
(which is turned pink by alkalies) added just suffi- 
cient to cause the liquid to assume a yellowish 
'^ colour. Then poux' into the burette 100 septems of 
" the test alkali^ and gradually drop this solution into 
''the measured quantity of the washings collected, 
'' stirring constantly : as soon as the colour changes to 
'' a pink tint, which remains permanent for five min- 
'' utes (indicating that the whole of the sulphuric acid 
"has been neutralised), read off the quantity of liquid 
'' remaining in the burette/' 

132. — "To find the number of grains of ammonia in 
100 cubic feet of the gas, multiply by 2 the number 
of septems of test alkali remaining in the burette, 
and move the decimal point one place to the left/' 
Ex,f Liquid remaining in the burette 13*4 X 2 = 26'8, 
decimal point moved one place to the left = 2'68 
grains per 100 cubic feet in the gas. " The remaining 
" half of the liquid is to be preserved in a bottle duly 
" labelled for a week/' 

133. — Sulphur. "At the end of each period of 
" testing, the cylinder and trumpet-tube are to be 
" well washed out with distilled water." This instruc- 
tion applies also to the Letheby apparatus. " Fresh 
" pieces of sesqui-carbonate of ammonia are to be used 
" each day," i.e., for each testing. 

134. — The condensed liquid resulting from the com- 

* Tinotore of logwood. 
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boBtion of ga.s in any of the four instrnments mentioned 
must then be treated in the manner directed by the 
Referees, which is as follows : — 

" The liquid in the, beaker and the water used in 
" washing ont the apparatus shall be pat into the same 
*' vessel, well mixed and mesAored. One-half of the 
" liquid BO obtained is to be set aside and preserved 
" for a week, properly labelled, in case it should be 
*' desirable to verify the correctness of the testing/' 

135.— "The remaining half of the liquor is to be put 
" into a beaker [fig. 20], 
" covered with a large 
" watch-glass . . treated 
" with hydrochloric acid 
" sufficient in quantity to 
" leave an excess of acid in 
" the solution . . . , and 
" then raised to the boiling 
" point, but not so violently 
" as to occasion loss by 
" spirting." The hydro- 
I chloric acid should be used 
' in a diluted condition— one 
part strong acid to 4 or 5 
parts of water. The pre- 
sence of an excess of acid in the liquid will be shown 
by the complete absence of effervescence in the last 
additions, and by the application of a litmus test 
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paper, whicli will cliange colour' from blue to a distinct 
red colour. 

136. — '^ An excess of a solution of barium chloride 
^' is now to be added, and the liquid again boiled for 
" five minutes.^' The solution of barium chloride consists 
simply of the chloride dissolved in distilled water in 
the proportion of about 10 grains of chloride to the 
ounce of water. A little experience will soon satisfy the 
operator in respect to an excess. 

'' The vessel and its contents are to be allowed ta 
" stand till the barium sulphate settles at the bottom 
of the vessel, after which the clear liquid is to be, 
as far as possible, poured o£E through a filter paper. 
The remaining liquid and barium sulphate are then 
to be poured on to the filter, and well washed with 
" hot distilled water.^^ The paper must be free from 
impurities, and a piece, about 4 inches diameter, when 
burned by itself in crucible G, Pig. 26, to whiteness, 
should not produce more than 4-lOOths of a grain of 
ash. 

137. — ^To form the filter, "Take a circular piece of 
filtering paper, fold it in half, and then again at 

right angles at the first fold, so 

"that the circle is reduced to a 

quarter circle, consisting of four 

thicknesses of paper. Open this 

"out, so as to form a conical 

Fig. 21. " cavity, fig. 81, having three folds 

of the paper on one side and oi^e on the other ; and 
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placeit ina fonnelsliglitly larger tban 
tliefilterthn8folded[fig.22]. The 61- 
ter should 6t the funnel pretty ac- 
curately, and may require to be 
Opened out a little more, or, on the 
other hand, contracted so as to form 
a more acut« cone ; but in all cases 
care should be taken not to injure 
the point, which, although it re- 
quires moat strength, is generally 
the weakest part, since all the 
meet there." * 



—The filter should be first wetted with distilled 
water delivered from a wash-bottle, and " certain pre- 
' cautions are required in 
' transferring a solution to 
' a filter, in order to avoid 
' loss. A glass rod should 
be moistened with dis- 
tilled water, and brought 
^[ainst the edge of the 
vessel from which the 
^ig- 23. 'I liquid is to be poured, 

" fig. 23. By this means, when the pouring is ended, 
" if the rod be still kept in contact with the edge, the 
" last drop is prevented from running down the out- 
" side of the vessel. After the whole of the liquid 

* " EzerciBeB in FnkcticaJ ChemiBtry," bj A. G. Temoii Harcourt, 
M.A.., F.B.S., &c, and H. G. Madfto, H.A., F.C.8. 
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*' has been potired off, the portion which adheres to 
the rod and to the sides of the vessel, is washed 
down by a jet of water from a washing-bottle, fig. 24, 

" and the washings are added to the rei?t of the de- 
canted liquid. — (Miller.) 
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139. — ^The washing of the filter is effected by apply- 
ing the lips to the pipe, T, of the wash-bottle, fig. 24, 

and blowing a gentle stream of hot 
water from the pipe, 0, upon the 
* filter. In washing a precipitate in 
a filter, fig. 22, the stream of water 
should be directed upon the upper 
edge, BO as to wash down the par* 
tides, which have a tendency to 
accumulate there as the solution 
rises under the influence of capillary 
action. '' In order to ascertain 
Fig. 24. <€ whether every trace of barium 

" chloride and ammonium chloride has been removed, 
a small quantity of the [latest] washings from the 
filter should be [received direct from the funnel] 
'' in a test-tube, and a drop of a solution of silver 
nitrate or dilute sulphuric acid added ; should the 
liquid, instead of remaining permanently clear, become 
cloudy, the washing must be continued until on 
repeating the test no cloudiness is produced.'^ The 
silver solution is made with silver nitrate dis- 
solved in pure distilled water, in about the proportions 
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"between 955-965, 966-975, 976-985, 986-995 j in- 
crease the number of grains of sulphor by 4-lOOths, 
S-lOOths, 2-lOOtlis, 1-lOOth of the weight found. 
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" When the Tabular Number is between 996-1005, 
'' no correction need be made. 

"When the Tabular Number is between 1006- 
1015, 1016-1025, 1026-1036, diminish the number 
of grains of sulphur by 1-lOOth, 2-lOOths, 3-lOOths. 

Ex. ;— 

Grains of barium sulphate from 5 cub. ft. 

of gas 4'3 

Multiplied by 11 and divided by 4 = grains 
of sulphur in 100 cub. ft. of gas 

(uncorrected), or, ll*82grs. 

Barometer (mean) . 29*2 
Thermometer (mean) 54 
Tabular Number . 985 
Add 2-lOOths of 11-82 grains = . . . -24 

Grains of sulphur in 100 cub. ft. of gas 

(corrected) 12*06 

144. — If a dessicator be used for the purpose men- 
tioned in the preceding paragraph, it may consist of 
of a small porcelain pan, having a few upright parti- 
tions in it, to support the crucible and a bell cover. 
Strong sulphuric acid is then poured in the crucible 
placed upon the top of the pai*titions, and the pan 
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Fig. 26- 



'' redness. Wlen no 
''black particles remain, 
''allow the crucible to 
"cool; place it when 
nearly cold in a dessi- 
cator over strong sul- 
phuric acid (to prevent 
'^absorption of mois- 
ture), * and again 
weigh. The diSEerence 
"between the first and 
" second weighings of 
the crucible will give 



n 



t€ 



t€ 



it 



it 



t€ 



€C 



<C 
it 
€C 
C€ 



the number of grains of barium sulphate. Multiply 
this number by 1 1 and divide by 4, the result is the 
number of grains of sulphur in 100 cubic feet of the 
gas/' 

143. — " This number is to be corrected for the va- 
riations of temperature and atmospheric pressure, 

. . the readings of the barometer and thermo- 
meter are to be taken for the day on which the test- 
ing commenced, and also the day on which it closed, 
and the mean of the two is to be used. 



" This correction may be made most simply, and 
" with sufficient accuracy, in the following manner : — 

" When the Tabular Number [Appendix C] is 

* The usual way is to cool the crucible quickly by placing it on a 
block of iron, and at once weighing. No sensible error can arise 
from this procedure. 

a 
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ttalts nniting with the barium of the chloride to form 
hariv/fffi carbonate and ba/rium sulphate^ while the chlorine 
of the barium chloride nnites with the armnoniwnk 
(H!4 N) of the ammonium carbonate and sulphate to 
form soluble a/mmoniwtn chloride. In order to avopid 
the precipitation of harium carbonate with the barium 
sulphate, the liquid is acidulated with hydrochloric 
acid^ and boiled^ so as to drive off all carbonic acid 
and completely unite the ammonium which at first 
was in solution as a carbonate with the hydrogen acid^ 
so as to form the other soluble salt^ ammonium 
chloride. Finally^ the barium solution is used to 
decompose the ammonium sulphate^ and give a pre- 
cipitate of insoluble barium sulphate. 

148* — ^All the chemicals employed must be of the 
purest description. If it is deemed needful to test 
any samples, the requisite information will be found 
in chemical text books. 
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SECTION III. 



IHPUBITT TESTS AND PRACTICAL 
ANALTSIS OF COAL-GAS. 



149. — Ammonia. Is detected by exposing a, test 
paper imbued with a tincture of turmeric to a jet of 
tbe gas. In the presence of ammonia the colour of 
the paper will change to a brownish tint, tending to- 
wards a strong red if much of the impurity be present. 
The presence of so small a quantity as about one grain 
of ammonia in 100 cubic feet of gas, will induce change 
in the colour of the test paper. The papers should be 
a full yellow, but not tending too much towards orange, 
and be of the best quality. The tincture to give a 
sensitive paper should be made by infusing turmeric 
in pure spirits of wine. When clear, the coloured 
spirit is decanted, and slips of blotting paper im- 
mersed, which are afterwards dried in a pure atmo- 
sphere. 

150. — SuLPHUBKTTBD Htdbogen. Tested by acetate 
of lead paper, as mentioned in par. 99. 

151. — Oabbonic Acid. A clear solution of caustic 
lime, or, better, of barium chloride is made, the 



first by adding some caastic lime to clean water, 
shaking op and decanting when clear, and the latter by 
adding the chloride in the proportion of about 10 grains 
to the ounce of distilled water. Both solntionB must 
be kept in closely stoppered bottles. For the test, 
about an ounce of liquid is taken in a test tube, and 
a small glass tube or pipette, which is connected by 
means of rubber tube to a gas cock, dipped into the 
liquid, and the gas allowed to bubble through until 
the maximum degree of milknesa is produced by the 
formation of insoluble carbonate of calcium or of 
barium. 

The Cooper's Tube, oz Eudiometer. 

152, — This is a useful instrument 
for ascertaining approximatively the 
composition of any sample of coal gas. 
As originally made for Mr. Lewis 
Thompson, it is a glass tube about 
f-inch diameter and 30 inches long, 
sealed at one end and bent at the 
other. About 1^ inches above the 
bend a mark is made, and the space 
between that point and the sealed end 
is graduated into 100 parts,* and each 
of these again subdivided into 5 parts, 
Fig. 2?. 80 that each large division is (me per 

* As the eiteQBion ot tbe diTiaionB orer the irhole length serres 
lO uaeful pnrpoBe, the gnkdaationa are limited to one-fourth tha spMM, 
.e., 29 per cent, of the ca.pa<ntj. 
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cent., and each small division two-tenths per cent, of 
the space divided. With this tube a metal cylinder 
with a glass top is used ; this is called the " equa- 
Kser/' The tube and cylinder are shown in fig. 27. 

153. — ^In order to shorten the tube while retaining 
its capacity, it is now frequently made with a globe 
top, or bulb — the tube itself still being divided to in- 
dicate 25 per cent, of the whole contents of the tube. 
With such tubes, which are about 15 inches long, a 
cylindrical glass vessel is employed instead of the 
cylinder of metal. 

154. — The mode of using the apparatus is the same 
in all cases, whatever be the matter sought, the only 
difference being in the absorbing substances applied. 
Charge the " equaliser " with clean water to within 
about two inches of its top. Take the tube in the 
left hand, the open part of the bend being upwards, 
and the closed end inclined at a convenient angle to- 
wards the ground. Pour in clean water until the tube 
is full, then close the open end with the thumb or 
stopper, and hold the tube vertically with the bend 
upwards for about a minute, so that all air bubbles 
may rise to the bend. Turn the tube so as to pass 
the air over to the thumb (fig. 28), which remove to 
permit any air to escape, and dip the bend into clean 
water contained in a dish or bowl, about 8 or 10 ins. 
diameter, and deep enough for the complete immersion 
of the bend. Insert a piece of J-inch india-rubber 




Pig. 28. 
pipe, from wluch the gaa is frdely isBiiing, into tbe 
open end and round the bend of the tube. Then, still 
keeping the open end below the water, raise the tube 
into snch a position as is shown in fig. 29. Let the 
gas fiow in ontil it reaches a little below the sero line. 
Remove the rubber pipe, and immerse the tube down- 
wards in the water of the " equaliser," taking care 
in doing this that tbe bend is kept sealed with water, 
and that no gas escapes or air enters, 

155. — ^After the lapse of two or three minutes, raise 
the tube sufficiently to bring the water-line within it 
Wei with that in the "equaliser." If the water-level 
be above tbe zero, more gas mnst be added, or tbe 
results corrected for Toliime by oalcnlatiou; if too 
much gas be contained, the excess may be got rid of 
by closing the end of the tnbe tightly with tbe thumb, 
and allowing small babbles to pass over (fig. 26), then 
to escape^ taking care to fill up the tnbe with water 
after each removal of the thumb, and also that no sir 
enters. Be-immerse in the " equaliser," and so on, 
until tbe tube is properly charged. As a contraction 
in volume ia almost certain to sncceed the immersion, 
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it is well to charge the tube at first to a little below 
the zero line. 

156. — Another way of filling the tube, which is pre- 
ferred by some operators is to project the rubber pipe 
nearly or quite to the top of the tube while the latter 
is in a dry state, and to blow gas through for some 
minutes to expel the air, then to immerse the bend 
under water, remove the rubber tube, and to proceed 
as above stated. The notion is, that by this method 
the water is less likely to absorb any of the consti- 
tuents of the gas, but the Author thinks that the 
practical difference in effect is nil, as mere surface 
contact of clean water with gas will cause some ab- 
sorption of carbonic acid and ammonia, and much 
more than such contact arises during the adjustment 
of the contained volume. In these truths lies much 
of the imperfection ef the analyses made with the 
Cooper's Tube. 

157. — Cabbonic Acid. Charge the tube with puri- 




. Fig. 29. 

fied gas in the way directed (154) . Drop into the bend a 
piece of pure caustic potash about the size of a pea. 



Close the tabe with the thumb, excluding all air, 
which will form a little bubble under the thumb (un- 
less the bend is quite full of water), and gently shake 
the tube, then turn it over to the position shown in 
fig. 29, so as to pass the whole of the gas into the long 
leg of the tube. Immerse the tube in the "equaliser," 
and after two or three minutes raise into an upright 
position (155) and observe the absorption due to C Oi. 
158. — HyDHO-CAEBONS, Bromine was introduced 
hy Mr. Lewis Thompson for the absorption of these 
compounds in coal-gas. The sample of gas which has 
been operated on for Oa is tested. A drop of 
bromine, about the size of a pea, is taken in a small 
' pipette, fig. 30, by dipping its end into 
' the bromine, pressing on the top, and 
then transferred to the tube ; or a strong 
I solution of bromine (made by adding 
bromine to distilled water) may be used, 
if so, remove part of the water from the 
Fig. 30. bend of the tube, taking care not to 
unseal, and fill up with the solution, 

159. — When shaken, the tube should be filled with 
red vapours, showing an excess of bromine. If too 
much bromine be used, the volume of the gas, instead 
of being reduced, may be so much increased by the 
vapours, that the water in the bend may be blown out 
on removing the thumb, and the experiment spoiled.* 

* With Btteadiuit risk to the oper&tor, aa bromine ia dangerous 
when iuhaled, and as it iB aleo corrosive on the akin, it mast be used 
with caatiun. 
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160. — In rich gases the contraction is considerable, 
and the tube must be opened under water, as indeed 
it is best always to do, with the bend turned down. 

161. — ^The tube should then rest within the 
''equaliser^' for five minutes. If the red vapours 
are then still visible, enough bromine has been used. 
Now add a piece of caustic potash, or some strong 
solution of the same, shake the tube again ; all red 
vapours should disappear, if not, add potash and shake 
gently until the tube is clear. Immerse for ten 
minutes in the equaliser and then raise (155), find the 
reduction in volume in excess of that found for CO^, 
which excess represents the percentage volume of 
illuminating hydro-carbons. 

162. — Cabbonic Oxide. This is but a doubtful test 
with the Cooper's tube. It is made upon the gas after 
the absorption of the hydro-carbons, and in order to 
clear the tube of deposited matter, it is inclined as in 
fig. 29, with the open end immersed in clean water. 
In a minute or two the water and condensed matters 
will be replaced by clean water. Pour into the tube a 
solution of sub-chloride of copper in hydrochloric acid, 
and shake the tube a few times to and fro ; replace 
the water in the tube by immersion in the way above 
described. Add potash to remove acid vapours. 
Equalise the temperature, and read ofE the percentage 
absorption of CO. 

163. — The solution of sub-chloride is made by 
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adding hydrocliloric acid to black oxide of copper, and 
inserting some metallic copper. Keep in a stoppered 
bottle. It is said to absorb defiant gas and oxygen 
as well as CO, but not to act upon hydro-carbon 
vapours, or the other constituents of coal-gas. 

164. — SuLPHUBBTTBD Hydeogen. Should uot be 
present in purified gas, but may be estimated in foul 
gas by means of acetate of lead, or a weak solution of 
sulphate of copper. Equalise, note absorption, clear 
the tube of fouled water, and then add potash to 
find CO2. Ammonia may also be first sought with 
dilute sulphuric acid, but the experiment is doubtful. 
It is however advisable to acidulate the water with the 
acid named before testing for Hj S, to avoid the indi- 
cation of an excess of the latter. 

165. — The amount of carbonic acid and of sulphur- 
etted hydrogen in crude gas, may also be estimated in 
the following manner— two experiments being neces- 
sary.* 

166. — CO2 AND H2 S. Pass the gas at the ratQ of 
half to three-quarters of a cubic foot per hour through 
a small " scrubber,'^ S, or box filled with fragments of 
dry coke (in order to remove any tar), thence through 
a series of U tubes, as shown in fig. 31, and finally 
through an experimental meter. 



* Kindly fumiBhed, with the exception of the rules and gravities, 
by Mr. F. D. Marshall, Gas Works, Brentford. 



Fig. 31. 
167. — The tubes ma.^ be about three inchea long 
and half-aii-inch iutemal diameter. The coimectious 
are made with reed tubes, as shown, and with accu- 
rately fitting india-rubber stoppers {or preferably good 
corks coated with parafiGn wax). The tubes (Nos. 1 
and 2) are filled with fragments of dry calcinm chlo- 
ride to absorb moisture, the two next with fragments 
of soda-lime, while the first limb and three-fourths of 
the second limb of the last tube (No. 5) are charged 
with dry calcium chloride, and the remainder of the 
second limb charged with soda-lime. This tube guards 
the soda-lime tabes, and prevents the introdnction of 
any moisture or GOa from the atmosphere. 

168. — At the commencement of the experiment, the 
two tubes, 3 and 4-, containing soda- lime are accurately 
weighed, and also after five or ten cubic feet of gas 
have been passed through. The increase in weight 
is due to the absorption of COg and Hg S. 

169.— To Estimate Hg S onlt. The gas is first 
passed through the " scrubber " S, as before, then 
through the arrangement shown in fig. 32. and thence 



ttroQgli the meter The flask. A, contains soldtion of 
caustic soda, B is a tube filled with glass beads, whicb 




Fig. 32. 
are moistened with caustic soda solution, while C is 
a bulb tube to catch any liquid carried forward from 
A and B. 

170. — After the passage of five or ten cubic feet of 
gas, wash the contents of the vessels out into a large 
beaker. Add solution of arsenite of soda, and then 
add sufficient hydrochloric acid to produce a strongly 
acid reaction, which may be ascertained by the decided 
reddening of a blue litmus paper dipped into the liquid. 
The sulphur of the sulphuretted hydrogen will be 
precipitated as trisnlphate of arsenic. As Sg = 123. 
Filter, well wash, and dry oVer a water-bath at 212" 
Fahr. Every 100 grains contain 39'02 grains of sul- 
phur, which, when combined with hydrogen as Hg S, 
in the proportion of 16 to 1, would give 41'34 grains 
for the weight of Hj S acted upon, or 4'18 per cent, 
very nearly, greater than the sulphur indicated, 

171. — One cubic foot of dry air, weighing 635'9 
grains (221), and the specific gravity of Hj S being 
1 174 (Miller), one cubic foot of the latter must weigh 
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630*39 grains,* and a cubic inch '36408 of a grain. 
By dividing unity by these numbers, multipliers are 
obtained for volume in cubic feet and cubic inches, 
viz., -0015863 for cubic feet and 2-747 or 2-748 for 
cubic inches. 

To calculate weight of Sulphur. 

172. — Multiply the number of grains of trisulphate 
of arsenic obtained by -3902, and divide by the number 
of cubic feet operated upon. 

Ex, Grains obtained^ . . . 100 
Multiplied by .... -3902 

Weight sulphur . . . 39*02 
Add 4-18 per cent . . . 1-63 



Weight Hg S, 10 cubic feet 40*65 grains, 
or 4*065 grs. per c. ft. 

To find Volume H2 S in 100 cubic feet of Oas. 

173. — Multiply weight last obtained by *15863, and 
divide the sum by the number of cubic feet of gas 
operated upon. 

Ex. . . 40*65 X -15863 = 6*554 



Divided by cubic feet say 10 

Vol. H2 S in 100 Q. ft. or -6554 of a c. foot. 

'■■^ " ^— ■ ■ I. -I. ■■» ..I ..^ ■■■■■— ■■■■■■■■ ■ ■ . - . ■■■^ ■ ■■ ■ , , 

• Miller says that 100 cubic inches weigh, at 60<> or 30«», " a little 
more than 88 grains," or more than '38 of a grain per cubic inch, 
but such weight is inconsistent with the gravity given. 
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174. — The yolame of gas opemted upon must be 
corrected by multiplying it by 1000 and dividing by 
the tabular number (Table C^ Appendix) corresponding 
to the temperature and pressure. 

175. — ^The weight of sulphuretted hydrogen, found 
by the first rule (172), subtracted from the weight 
obtained in the first experiment, leaves a remainder 
equal to the weight of C Oj. 

176.— 103 cubic inches of COj weigh, at 60® and 
30 inches, 47*3 grains (Miller), therefore one cubic 
foot must weigh 817*344 grains, and unity divided by 
that number gives the multiplier '00122347 for one 
foot and -122347 for 100 cubic feet of gas. 

Bnle to find the Volume OO2 in 100 cubic feet of Gas. 

177. — ^Multiply the weight in grains of CO2 found 
by '122347, and divide by the number of cubic feet 
operated upon. 

Ex. : Grains found • • 164* 

Multiplied by . . -122347 

Divided by cub. ft. used = 10)20-06490 



CO2 in 100 cub. ft. gas . . . 2-065 cub. ft. * 

178. — By the processes described, it is said that 
very exact results are obtained ; but it must be re- 
membered that as the gas is measured after the re- 
moval of the H2 S and C O2 , the original volume must 
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in all cases be greater tlian that measured. Thas^ 
taking the volumes as above at 100 cubic'f eet measured^ 
the original volume must have been — 

Gas measured • . . 100 cubic feet. 

HaS -655 „ 

COa 2-065 



jj 



102-720 



So that the true percentages by volume of the impu- 
rities become -665 X 100 -f 102-720 and 2-065 X 100 
-r 102-7 or -637 and 2-01 per cent. 

Harcourt's Colour Test 

179. — This is an extremely valuable apparatus for 
the gas-maker, as by its aid the amount of carbon 
bisulphide, sulphuretted hydrogen, and carbonic acid 
in purified gas may be expeditiously estimated, and 
the efficiency of the purifying processes ascertained 
within less than half-an-hour. 

180. — Carbon Bisulphide. The arrangement of 
the colour test is shown on the next page, fig. 33, the 
lower part of which is cut away to suit the size of the 
page, the chimney of the burner being represented by 
dotted lines. The bulb, which is filled with platinised 
pumice, is to be so adjusted that it may be about an 
inch above the burner and in the middle of the 
cylinder, 

181. — ^To use the apparatus, turn on first the upper 
stopcock, sending gas through the bulb at the rate of 



about lialf a cubic foot an boar, as may be jad^d by 
lighting the gas for a moment at the end of the hori- 




M'l 



Kg. 33. 
zoutal arm, when a Same about an incli in length 
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should be produced. Eaise the cylinder, which will 
be supported by the pressure of the wires, light the 
burner^ and turn down the flame till it forms a blue, 
non-luminous ring. Lower the cylinder, and place the 
small clay-pieces upon it round the neck of the bulb. 

182. — A testing maybe made five minutes after the 
burner is lit, except when the apparatus is first used, 
when the gas should be allowed to flow through the 
bulb for a quarter of an hour, or a little longer, and 
any number of testings may be jnade one after another, 
as long as the heat is continued. 

183. — The mode of testing is as follows. Lay a 
piece of white paper on the table, by the side of the 
burner, and fix a piece of cardboard upright in the 
brass clip; the cardboard serves as a background 
against which to observe the colour of the contents of 
the glasses, and should receive a side light, and be as 
clear as possible from shadows. Fill one glass (once 
for all) up to the mark with standard coloured liquid, 
and cork it tightly.* Dilute some of the lead syrup 
with about twenty times its volume of distilled water, 
and fill the other glass up to the mark with a portion 
of the liquid thus prepared. Insert the caoutchouc 
plug with capillary-tube and elbow tube,t ^^^ connect, 

* There are two standard colour solutions, one for daylight and the 
other for gaslight, and these are now sent out in sealed glasses. The 
glass containing the standard should be shaken before commencing 
a test. 

t The capillary-tube should descend very nearly to the bottom of 
the glass, but must not press upon the bottom, or it will probably 
be broken. 

h2 
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as shown in the print, with the balb and aspirator, 
placing the two glasses side by side. 

184. — ^The aspirator should be full of water at start- 
ing, and the measuring cylinder empty. Turn the tap 
of the aspirator gradually ; a stream of bubbles will 
rise through the solution of lead. Turn off the tap 
for a minute, and observe the liquid at the bottom of 
the capillary-tube. If it gradually rises, the india- 
tabber connections are not air-tight, and must be 
made so before proceeding. Avoid pressing the plugs 
Into the glass or the aspirator while they are connected, 
which would drive up the lead solution into the inlet 
tube. When the connections are air-tight, let the 
water run into the measuring cylinder in a slender 
stream until the lead solution has become as dark as 
the standard. As the ascending bubbles interfere 
somewhat with the observation of the tint, it is best 
to turn off the tap when the colour seems almost deep 
enough ; compare the two ; turn on the tap, if neces- 
sary, for a few moments ; then compare again ; and so 
on, till the colour of the two liquids is the same. 

185. — The volume of water which the measuring 
cylinder now contains is equal to the volume of gas 
which has passed through the lead solution, 

186.— This volume of gas contained a quantity of 
sulphur as carbon bisulphide, which as lead sulphide, 
has coloured the liquid in the test-glass up to the 
standard tint. The stundard has been made such. 
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tliat to impart this tint to this Tolnme of liquid, 
0*0187 gr. of lead sulphide must be present, containing 
0*0025 gr. of sulphur. Hence, supposing the mea- 
suring cylinder, each division of which corresponds to 
l-2000th of a cubic foot, to have been filled to the 30th 
division, 30-2000ths of a cubic foot of gas contained 
0*0025 gr. of. sulphur. From this ratio the number 
of grains of sulphur existing as bisulphide in 100 
cubic feet of the sample of gas tested can easily be 
calculated. 

187. — The following table gives the relation be- 
tween (V) the divisions of the measuring cylinder 
filled with water, and (S) the grains of sulphur exists 
ing as bisulphide in 100 cubic feet of gas. Since gas 
contains, besides carbon bisulphide, some other sul- 
phur compounds which are nbt transformed into sul- 
phuretted hydrogen by the action of heat, and which 
contain sulphur amounting ordinarily to 7 or 8 grains 
in 100 cubic feet^ this quantity must be added to that 
found by the Test, if it is wished to know approxi- 
mately the total amount of sulphur in the gas. 

TABLE I. 
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TABLE I.—cmitnued. 
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14-7 


53 


9-4 


72 


6-9 


91 


5-5 


35 


14-3 


51 


9-2 


73 


6-9 


92 


5-4 


36 


13-9 


55 


91 


74 


6-8 


93 


5-4 


37 


13-5 


56 


8-9 


75 


6-7 


9i 


5-3 


38 


13-2 


57 


8-8 


76 


6-6 


95 


5-3 


39 


12-8 


58 


8-6 


77 


6-5 


96 


5-2 


40 


12-5 


59 


8-5 


78 


6-4 


97 


5-2 


41 


12-2 


60 


8-3 


79 


6*3 


98 


51 


42 


11-9 


61 


8-2 


80 


6-2 


99 


5-1 


43 


11-6 


62 


81 


81 


6-2 


100 


5-0 


4ri 


11-4 


63 


7-9 


82 


61 


150 


3-3 



188. — For the next testing, the test-glass is to be 
disconnected and re-charged. The water in the mea- 
suring cylinder is poured back into the aspirator. 

189. — The colour of the standard is unaffected by 
exposure to light, but deepens if the liquid is warmed, 
returning to its original shade as the liquid cools. If, 
therefore, the glass containing the standard has been 
in a warm' place, it must be let cool before testing. 

190. — The liquid which has been used becomes 
colourless after being exposed to the light for a few 
hours, and may thus be used over and over again for 
twenty times or more, if if is not allowed to absorb 
carbonic acid from the air. The best mode of working 
is to have two well-corked flasks, into one of which 
the coloured liquid is emptied, while the glass is re- 
charged from the other. 
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191. — ^The apparatus may also be ased^ without tlie 
bulb-tube and standi to test the amount of sulphur- 
etted hydrogen or carbonic acid in gas at any stage in 
its purification. The gas is led in this case directly 
into the test-glass, which is charged with lead solution 
for sulphuretted hydrogen, and with a saturated 
solution of barium hydrate (baryta water) for car- 
bonic acid. 

192. — H2 S. When the gas contains more than 50 
grains of sulphur as sulphuretted hydrogen in 100 
cubic feet, a smaller cylinder, containing l-200th of a 
cubic foot, is used to measure the volume of liquid 
run from the aspirator. The divisions on the smaller 
cylinder are tenths of the corresponding divisions on 
the larger cylinder; therefore when it is used, the 
numbers under S in Table I. must be read as whole 
numbers, by omitting the decimal point. 

193. — C O2. To estimate carbonic acid, a standard 
liquid containing a definite amount of suspended ba- 
rium carbonate is used for comparison. The glasses 
are placed side by side on a blackened board or piece 
of paper and with a black background behind them. 
The passage of the gas should be interrupted, and the 
test-glass slightly shaken once or twice to wash down 
any particles of carbonate which may cling to the sides 
of the glass above the surface of the liquid.* The 
standard should also be shaken before the comparison 
is made, in order that the precipitates may be in a 

* The test-glass may be shaken eufficiently withoat disconnecting it. 



no 



similar condition. When the two liquids are judged 
to be equally white and opaque^ the volume of water in 
the measuring cylinder gives the volume of gas which 
has precipitated a known weight of barium carbonate. 
Table II. gives the relation between (V) the divisions 
of the large measuring cylinder filled with water and 
(C) the volume of carbonic acid in 100 volumes of gas. 
When the gas contains more than '72 per cent, of 
carbonic acid, the smaller measuring cylinder should 
be used, and the values of C multiplied by moving the 
decimal point one place to the right. 

TABLE 11. 



V 


C 


V 





V 





V 


C 


10 


•72 


83 


22 


66 


•13 


79 


•09 


11 


•65 


34 


•21 


57 


•13 


80 


•09 


12 


•60 


35 


'21 


68 


•12 


81 


•09 


13 


•55 


36 


•20 


69 


•12 


82 


•09 


14 


•61 


37 


'20 


60 


•12 


83 


•09 


16 


•48 


38 


•19 


61 


•12 


84 


•09 


16 


•45 


39 


18 


62 


•11 


85 


•08 


17 


•42 


40 


•18 


63 


•11 


86 


•08 


18 


•40 


41 


•17 


64 


•11 


87 


•08 


19 


•38 


42 


•17 


65 


•11 


88 


•08 


20 


•36 


43 


•17 


66 


•11 


89 


•08 


21 


•34 


44 


•16 


67 


•11 


90 


•08 


22 


•83 


45 


16 


68 


•11 


91 


•08 


23 


•31 


46 


16 


69 


•10 


92 


•08 


24 


•30 


47 


•15 


70 


•10 


93 


•08 


25 


•29 


48 


•15 


71 


•10 


94 


•08 


2Jd 


•28 


49 


•15 


72 


•10 


95 


•08 


27 


•27 


60 


•14 


73 


•10 


96 


•07 


28 


•26 


51 


14 


74 


•10 


97 


•07 


29 


•25 


62 


14 


75 


•10 


98 


•07 


30 


•24 


63 


14 


76 


•09 


99 


•07 


31 


•23 


64 


13 


77 


•09 


100 


•07 


82 


•22 


66 


13 


78 


•09 


160 


•05 



194. — ^After each testing the glass and capillary, 
tube should be cleaned with a little dilute hydrochloric 
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acid and well rinsed with distilled water. The turbid 
liquid is poured into a flask, which should be kept 
well corked, containing an excess of crystallised ba- 
rium hydrate. After the suspended precipitate has 
subsided, the clear liquid is poured off, or, if necesary, 
filtered, into another flask, also kept well corked, from 
which it may be poured into the test- glass when re- 
quired. Care should be taken not to expose the solu- 
tion to the air longer than necessary. 

A Rapid and Accurate Method of Estimating Sulphur 

in Coal Gas. 

195. — The process described in pars. 135 to 142 is 
attended with difficulties and takes much time, while 
that about to be explained, which is due to W. 0. 
Young, Esq., F.C.S., &c., and is herein republished 
by his permission, takes a very short time to complete, 
can be readily performed, and gives, it is said, more 
accurate results than the ordinary process already 
referred to. 

196. — Before proceeding to details of the method, 
and in order to explain its principle, it is necessary 
to consider the nature of the substances to be dealt 
with. 

197. — ^In the liquor given by the Referees^ appa- 
ratus (fig. 18, page 73), there are present carbonate 
of ammonium and sulphate of ammonium. Before 
converting the latter compound into sulphate of ba- 
rium, it is necessary to decompose the former, which 
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is effected by boiling the liquid with an excess of hy- 
drochloric acid, chloride of barium being afterwards 
added. There is then present the excess of chloride 
of barium, hydrochloric acid, chloride of ammonium, 
and sulphate of barium. 

198. — ^Now, as hydrochloric acid and chloride of 
ammonium are readily volatile, whereas chloride of 
barium is not, it follows that, if the quantity added 
of the latter be known, then the amount left, after 
volatilising the two former, must be the excess of 
chloride of barium added, the difference being 6learly 
due to the chloride of barium required to decompose 
the sulphate of ammonium. 

199. — The chlorides admit of easy estimation ; in- 
deed, the process by which it is effected is at once the 
most accurate and simple in the domain of volumetric 
analysis ; so that we have in this way a ready indirect 
means of ascertaining the amount of sulphate of 
ammonium contained in the liquor given by th^ Gas 
Referees' apparatus. 

200. — The apparatus is used in the ordinary way, 
excepting that an upright eduction-tube [D, fig. 18, 
page 73] 12 inches long is employed, in order that 
the bulk of the liquor obtained may be small. If 10 
cubic feet have been burned, the liquor and washings 
are made up to 500 septems (half a deci-gallon), well 
mixed, and 25 septems (l-20th part) measured by a 
pipette for the experiment. To this is added a slight 
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excess of acetic acid (two drops are generally suffi- 
cient) and 10 sept ems, measured by a pipette, of a 
standard solution of chloride of barium, containing 
1625 grains in one gallon. The whole is then trans- 
ferred to a shallow flat-bottomed platinum capsule, 
and evaporated to dryness over a burner. The evapo- 
ration can be conducted over an Argand or rose Bun- 
sen burner, the heat being adjusted so as to keep the 
liquid just below boiling, and so prevent possible 
spurting; but, where a number of estimations are 
being made simultaneously, it is best done on a water 
or steam bath. After evaporating to dryness, the 
residue is gently heated until the crucible is at a 
slight red heat ; it is then cooled, and the contents 
washed out with water into a small beaker. To this 
solution an excess of a solution of yellow chromate of 
potassium is then added, and a standard solution of 
nitrate of silver, containing 531*2 grains per gallon, 
is added from a burette [similar to A or B, fig. 13, 
page 65] containing 50 septems (graduated into fifths 
of a septem), until a permanent change of tint is 
observable on shaking the liquid. 

201. — Each septem left in the burette indicates one 
grain of sulphur per 100 cubic feet of gas, and each 
division '2 grain. 

202. — As many of those for whose benefit this pro- 
cess is intended may be unacquainted with the use of 
a standard solution of nitrate of silver for estimating 
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chlorides^ a few words explanatory of the process may 
not be out of place. 

203. — ^When a solution of nitrate of silver is added 
to a mixture of soluble chromate and cUoride, there 
is produced at first a deep red precipitate of chromate 
of silver, which is immediately converted into the 
white chloride of silver, the colour at once disappear- 
ing. This action goes on until the whole of the chlo- 
rides present have been precipitated, and then the 
deep red chromate of silver formed is unaffected, and 
so marked is the change in the colour, that one drop 
in excess of the standard solution of nitrate of silver 
employed in this process produces such a decided red 
tinge, that no one could be mistaken. This one drop 
would introduce an error of less than '2 grain of sul- 
phur per 100 cubic feet of gas. 

204. — The process of evaporation, as directed, takes 
at the most fifteen minutes, the rest of the work need- 
ing a few moments more, and as the result must 
necessarily be at least as accurate as that given by the 
tedious gravimetric method, the process will, without 
doubt, commend itself to those who desire to know 
in a short time the sulphur contained in the gas under 
examination. 

205. — Moreover, should the result of a test appear 
at all extraordinary, it can readily be checked by a 
repetition, or by a separate gravimetric estimation, as 
only a very small quantity of the liquid is used. 
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206. — Should the gas contain more than 50 grains 
of sulphur per 100 oubic feet, it will be necessary to 
make the bulk of the liquor up to one deci-gallon 
{twice the quantity before directed), proceed as usual, 
and multiply the number of septems of standard ni- 
trate of silver solution remaining by two, to find the 
amount of sulphur present. 

207. — If a ''short" test is desired, one-half of a 
cubic foot should be burnt, when, if the whole of the 
Hquor be taken, the number of septems of standard 
nitrate of silver solution remaining will indicate the 
number of grains of sulphur per 100 cubic feet. 

Specific Gravity- 

208. — ^A knowledge of the specific gravity of coal- 
gas is essential to the gas-maker, when it is desired 
to ascertain the weight of the gas produced from any 
sample of coal. It also serves in some degree as an 
index to illuminating power. 

209. — To find the specific gravity of any gas with 
scientific exactness, a very accurate and sensitive ba- 
lance must be employed, as well as two glass globes, 
of equal weight, and as nearly of equal size as pos- 
sible, one being used to contain the air and the gas 
which are to be weighed, and the other as a counter- 
poise. Many precautions have to be taken, and great 
skill in manipulation is necessary. Regnault^s method 
is described in Miller's '' Chemical Physics,^' fourth 
edition, p. 264. 
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210. — Sueli extreme accaracy isj however, rarely 
needed, for ordinary purposes, and in most cases it ia 
sufficient to know the relation in gravity which coal- 
gas, containing water vapour {as it and air do under 
□sual coiiditions]j bears to air also containing such 
vapour. 

211. — The quantity of water vapour in the air, or 
in any gaa exposed to water, varies with the tempera* 
ture, but is constant for each degree, while it is inde- 
pendent of the kind of gaa. Thus, under the condi- 
tions stated, any volume of coal-gas will, at any given 
temperature, contain as much water vapour as is con- 
.1 volume of air of the same tempe- 



tained in an e 

rature. 




212. — The specific gravity of 
moist gaa may be readily found by 
means of Schilling's effusion test, 
which is a modification of Bun- 
sen's instrument. It consists (fig. 
34) of a cylindrical glass vessel, 
within which is placed a glass tube, 
the latter surmounted by a metal 
cap, and its lower end fitted with 
a metal base, which serves as a 
foot and as a load to keep the tube 
immersed in water. The cap car- 
ries two cocks, one on the side and 
the other on a short upright pipe. 
The latter is a three-way cock. 
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with a pointer and an index marked '' vent/' " off/' 
and " on/' The tube has two rings engraved upon 
it^ one near to the base and the other near to the cap. 
The ''vent" is through the plug of the cock, but 
when this is turned to " on," the only opening for 
air or gas is through a very thin disc of platinum, per- 
forated with a minute hole, in the nozzle of the cock. 
The specific gravity is determined by ascertaining the 
time in seconds which equal volumes of air and of gas 
occupy in escaping from the minute orifice under equal 
pressures, and then dividing the square of the gas 
time by the square of the air time. 

213. — To Use. Charge the instrument while the 
cock is at '' vent " with water, until it reaches a little 
above the top line on the tube. Baise the tube nearly 
out of the water to charge it with air. Turn the cock 
to "off," and lower the tube until it rests on the 
bottom of the cylinder. Turn the cock to " on." The 
water will rise in the tube. When the lower line is 
reached, instantly turn the cock to " off." A stop- 
watch or stop-clock is most convenient for the purpose, 
but with care an ordinary seconds' watch will serve. 
In any case turn the cock to '' on " the instant the 
seconds' hand reaches 60, and turn off, noting time 
instantly when the water reaches the top line. 

Note, — The lower part of the hollow formed by the 
water, should always be the index of coinci- 
dence with the lines. 
214. — Turn the cock to '' vent," and connect side- 
cock by a piece of india-rubber pipe to gas cock ; turn 



118 



on the gas and let it flow tlirough the " vent " for say 
half a minute^ then turn the top cock to '' off/' Raise 
the tube and gas will enter. Close the side cock^ and 
immerse the tube. Open the vent and it will rapidly 
escape ; repeat this^ and then finally charge and pro- 
ceed as with air. 

Suppose the times be as under :— 

Gas . . 120 seconds squared = 14400 



Air 



= 32400 



• • 180 „ „ 

Sp. Gr. -44 

215.— Care should be taken to ensure the water in 

the apparatus being of the same temperature as the 

air in the operating room^ and at least two trials 

should be made with the air and with the gas. 

216.— Amore refined method than Schilling's is that 
which was devised and used by the late 
Dr. Letheby, whose specific gravity globe 
is represented in fig. 35. It has two 
necks^ each furnished with a small and 
light stop-cock, the upper one having 
screwed upon it a glass tube, surmounted 
by a small gas-burner, and containing a 
sensitive thermometer. The weight of 
the globe with the cocks, but without 
the thermometer tube, in an exhausted 
state and when filled with air* at 60^ P. 
of temperature, and under 30 




Fig. 85. 



ms. 



• Whicli should be in a moist state to suit the Author's method 
of oalonlatioDS* 
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barometric pressure are engraved upon the globe, or 
ascertained and recorded. The globe is charged with 
gas by being screwed upon the nose-piece of a gas- 
pillar, and the gas allowed to flow through and escape 
from the jet until all air is expelled ; the lower cock 
is then closed, and (in order to avoid any greater 
pressure within the globe than that of the atmosphere) 
the upper cock is closed an instant later. The tem- 
perature indicated by the thermometer in the tube is 
at once noted, the tube removed, and the globe placed 
in the pan of a sensitive balance, a counterpoise 
weight equal to the weight of the globe in a vacuous 
condition being placed in the other pan of the balance, 
together mth as many grains and parts of a grain as 
are needful to bring the balance into equipoise. 

217. — It is absolutely essential that the outside of 
the globe be dry, which cannot be the case when the 
weighing is effected in a moist atmosphere of. higher 
temperature than the globe, owing to the inevitable 
condensation of some water vapour. Hence, the ba- 
lance should be enclosed in a glazed case, in which 
should be placed a glass vessel containing two or 
three ounces of dry chloride of calcium, which absorbs 
moisture, and the globe should be allowed to rest in 
the balance pan, with the case closed, for some min- 
utes before the final weighing is made. 

218. — Suppose the weight of the globe when filled 
with gas be 15 grains in excess of the counterpoise 
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wldcli equak the weight of the globe when exhaostedj 
and also that the weight of air indicated to be con- 
tained hj the globe at 60^ F. and 30 in. barometer 
be 31 grains. Farther^ that the observed tempera- 
ture of the gas be 56^ F. and the barometric pressure 
30*3 ins. (14 and 15.) 

Bulk. — Multiply the ascertained weight of the 
gas by 1000 and divide by the number 
(Table C^ Appendix) for temperature and 
pressure. Finally^ divide the quotient first 
obtained by the weight of air which the 
globe contains at 60^ and 30 ins. 

Ex. : — ^Weight of gas 15 grs. 

Multiply by 1000 

Number for 56^ and 30-3 ins. . 1020)15000(14-7058 
Weighty corrected to standard temperature and 

pressure^ 14*7058 grs. 

Which corrected weight divided by the weight of 
air, 31 grcdns, indicates the relative weight, or 
specific gravity, of moist gas to moist air to be as 
•4743 to 1-0 or 474*3 to 1000. 

220. — The true specific gravity of a gas is, however, 
the relative weight of any volume in a dry state to 
the weight of an equal volume of dry atmospheric 
air. This is, in a scientific way, frequently determined 
by weighing a globe charged with dry air, and after- 
wards when charged with dry gas — the water vapour 
in the air and gas being removed on their way to the 
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globe, by slow delivery throagh a long tube contain- 
ing dry chloride of calcium. Corrections can, how- 
ever, be made by calculations, which, as usually set 
forth, are somewhat troublesome, involving as they do 
considerations of aqueous tension, the volume and the 
weight of vapour, and the subtraction of the latter 
two from the volume and weight of the contained gas. 
The Author has, therefore, essayed to confine the cal- 
culations entirely to weight, and thereby simplify the 
matter. As with the usual method, the volume of gas 
or air operated upon must, however, be known, and 
this, as will be seen presently, may be easily ascer- 
tained; if the weight of air contained at 60^ and 
30 ins. in the globe employed has been once correctly 
determined. 

221. — Data. — At Standard temperature and pret" 
sure : — 

faj. One cnhic foot of moist air weighs 532*4 
grains,* while one cubic foot of dry air weighs 
535*9 grains.* 

(T?). One cubic inch, therefore, of moist air 
weighs -3081012 grain, and of dry air '3101214 
grain, and, as quite near enough, 100 cubic ins. 
of moist air weigh 30*81 grains. 

fcj. One cubic foot of moist air or gas con- 
tains 5*8 grains of water vapour, or '33565 of a 
grain (say '336 of a grain) in 100 cubic inches. 

* Simmonfi' Standard Tables. 

i2 
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The weight of air, therefore, contained in 100 
inches of such a mixture would be 30'81 — '336, 
or 30*474 grains. 

222. — The weight of air contained in the globe is, 
as already said, determined at 60^ and 30 ins. bar., 
with the air saturated with water vapour. Suppose 
the globe has been found to contain 30*964 grains, 
and is so marked : 

EuLB TO FIND Capacity. Divide the marked 
weight of air contained in the globe by 30*81, 

30'964 

Ex, : == volume, or 100*5 cubic inches. 

30*81 

223. — Suppose, as before, the weight of gas con- 
tained were 15 grains (218) : 

Rule to find the Weight op 100 Cub. Ins, 
Multiply the ascertained weight by 100, and 
divide by the capacity of the globe. 

15X100 1500 

Ex, : •— — 5== ?=? 14*9254 grains, 

100*5 100*5 

which is the weight of 100 cubic inches of moist gas at 

the observed temperature and pressure. 

To find the Specific Gravity of Dry Gas. 

224.'-»-Multiply thp weight as above corrected by 
1000, and divide by the number du§ to temperature 
and pressure (Tftbl0 0, Appendix) , 
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Subtract '336 of a grain from the quotient, 
and divide the remainder by 30*474, (c.) 221, 

fe. : Weight corrected for bulk , 14*9254 

Multiplied by 1000 = 14925*4 

Divided by No. for 56^ and 30*3in. 1020 =14-6323 
Subtract '336 

Divided by 30*474)14*2963 

Sp. Gr. Dry Gas == "469 

To Correct the Bulk and find the Weight of Gas. 

225. — Bulk. Multiply the quantity of gas by the 
tabular number (C, Appendix) due to temperature and 
pressure, strike off the three right-hand figures, and 
the remainder is the true bulk. If the gas be sub- 
jected to pressure in excess of that of the atmosphere 
at the time of measuring, add one inch to the baro- 
meter's height for every thirteen inches of water pres- 
sure. — Weight. Multiply the quantity in cubic feet 
by the specific gravity, and strike off the three right- 
hand figures, then multiply the remainder by '07605 
or -076. 



^pj^enbh. 



RULES AND TABLES 

TO 7ACILITATB THE CALCULATIONS NECESSARY IN THE 

DETERMINATION OF THE 

ILLUinNATINa VALUE 

AND • 

DEGREE OF PURITY OF COAL GAS. 



PHOTOMETRY. 

Rule 1. — If the rate of the gas consumption has fallen 
below or risen above 5 cubic feet per hour. 

Multiply the average of the photometer readings 
bj the number under the.actual consumption 
in Table A. 

Rule 2. — ^Multiply the sum obtained by Rule 1 by the 
consumption of the two candles, as ascertained from 
Table B. 

Rule 3. — Divide the last-obtained sum by 20, or point off 
to the left ah additional decimal place, and divide 
by 2. 

Rule 4. — Multiply the quotient obtained by Rule 3 by 1000 
(i.e., set back the decimal point 3 places to the right), 
and divide by the tabular number corresponding to 
pressure and temperature* in Table C. 

* The temperature to be obseryed is that of the gas issuing from 
the meter, and not that of the air. 
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AMMONIA AND SULPHUR. 

Rule 1. — Take the readings of the barometer on the daj 
the testings commence, and also on the day on which 
they close. The mean of the two is the pressure and 
temperature (Note • on previous page) under which 
the tabular number is to be sought in Table C. 

Bulb 2. — Multiply the number of grains of barium sul- 
phate obtained by operating upon lialf the liquid 
resulting from the burning of 10 c. ft. of gas by 11 
and divide by 4t, again multiply the quotient by 1000 
and divide by the tabular number due to pressure 
and temperature, remove the decimal point 3 additional 
places to the left, and the result will be the number 
of grains of sulphur in 100 c. ft. of the gas. 

Rule 3. — The correction may be made with sufficient 
accuracy in the following manner : after the multi- 
plication by 11 and the division by 4 of the sulphate 
obtained, add to or subtract from the weight found as 
under : — 
Tab. No. between 955-965 966-975 976-985 986-995 

1.400th l-300th 1.200th 1.100th 
Tab. No. between 996-1005 no correction. 
Tab. No. between 1006-1015 1016-1025 1026-1035 

l-lOOth 1.200th l-300th 
No correction is made in respect to ammonia, its 

quantity being so small. 

The Table C is from 40^ upwards a copy of that issued 

by the Referees, the numbers for lower temperatures 

having been calculated by the Author. The numbers will 

be found useful in reducing the volume measured by a 

meter or gasholder to standard bulk (225). 
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IS 



NoTB. — The mimbers in the Table C have been re- 

17-64 (hr-a) . , . 

calculated from the formula n — * 460xt — ' ^^ere n i 

the height of the barometer in inches, t the temperature 
on the Fahrenheit scale, and a the tension of aqueous 
vapour at t^. Ifv is any volume at P and h inches pres- 
sure, and V the corresponding volume at 60^ and 30 inches 
pressure, V=i? n. 

The numbers in Table C show the relation of volume 
to 1000, but when three figures are marked off as decimals, 
the numbers show the relation of Vol. to Unity. 

Ex. . . 984 to 1000, 

or 
•984 to 1. 



TABLE A. 



Gas—C. ft. 

per hour 


4^7 


4-75 


4-8 


4-85 


4-9 


4-95 


50 


Multiplier . . 


1-06 


105 


1-04. 


1^03 


1-02 


101 


0-0 


Gas— C. ft. 

per hour 


5-05 


5-1 


515 


5-2. 


5-25 


5-3 


5-35 


Multiplier . . 


•990 


•980 


•971 


•961 


•952 


•943 


•934 
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TABLE B. 



2 Caitdlbs. 

Gonsumpt of 
40 grains of 

Sperm in 
Min. Sees. 


20avdls8. 

Gonsumpt 

in 10 
Minutes. 

Grains. 


Gonsumpt 

for one 

Gandle per 

hour. 

Grains. 


2 Cavdlbs. 

Gonsumpt of 

40 grains of 

Sperm in 

Min. Sees. 


2GA.irnLVS. 

Gonsumpt 

in 10 
Minutes. 

Grains. 


Gonsumpt 

for one 

Gaudle per 

hour. 

Grains. , 


10 


81 


8803 


114-1 


9 
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E.— ProTing of Teatiiig Xeton in Landfln. 
The Refereee ia tlie imtnictaoDs they issue direct that 
the meterB used for measuring the gas coneamed in 
mfllcing the varioos testings shaU, at periods of not less 
than seven days, be prored by the Gas Examiner by 
means of the Beferees* cnbic-foot meaanre, — a description 
of whioh apparatns, with directions how to nse it, is gi^en 
as follows : — Shoold a meter show any variation, water 
most be added or withdrawn nntil the meter is correct. 
Brery testing-place shall have the above-mentioned ap- 
paratas, bo that the Oss Examiner may employ it whenever 
he thinks neoessary. 

No meter other than a wet one shall be used in testing 
the gas nnder these instmctions. 

The Oas Beferees' Cabic-foot Meaanre. 
This is a vessel, egg shaped, as in 
f the figore C, made of hardened tin 
about one quarter of an inch thick, 
fitted at each end with a narrow glaas- 
tnbe M Z. It ia fixed to a strong 
plank, and stands in a vertical position. 
At is a three-way cock with a T 
mark on the pli^i and at the side of 
the cock there is a small hole or vent. 
When the T "^ "i i** ordinary posi- 
tion, commnnication is cnt off &om 
the air-pipe D, bnt is open through 
the vent to the estemal air. In this 
position —\ of the mark, the measure 
is open to the pipe D, and is shut oS 
from the external air. In the side or 
water pipe above Y, there is a small 
cock (not shown in the print), which 
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when opened serves to admit water into the measure, 
while at Y is a larger cock bj which to run the water off. 
The pipe D is of tin, in connection with the inlets of the 
meters in the testing-room or rooms. It carries a thermo- 
meter within a glass tube at T, and has also attached to 
it a pressure-gauge P. The terminal points of capacity 
are defined hj narrow strips of paper pasted on, or by 
marks cut upon the glass-tubes MZ. The instrument 
should be in communication with a tank of water, fed by 
a self-acting supply through the water pipe, and the lower 
level of the tank should be level with the top of the slip 
of paper or mark on M, indicating the " full " line of the 
measure. 

The verification of the meters used with the photometers 
and the sulphur and ammonia tests is conducted as 
follows : — 

Turn the three-way cock 0, so as to leave the vent open 
to the air, and close the cock Y, then open the cock on the 
water-pipe, and allow sufficient water to flow in to fill the ' 
glass tube S to the water line. Then turn until the 
mark upon it is in this position — | . Next open the cock 
of the meter to be tested, taking care that all other con- 
nections are closed. Note the position of the pointers of 
the meters, and open the outlet of the meter to the air. 
Then gently open the cock on the water pipe, and allow 
the water to flow into the measure, just fast enough to 
cause the gauge P to indicate from half to three-quarter 
inch of pressure. The meter should make 12 revolutions, 
or indicate one cubic foot by the time thp measure is full 
up to the mark on the glass tube M. Should the meter 
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make more than the prescribed number of revolutions, 
then some water must be removed from it ; if the contrary 
is the case, then water must be added to its contents. The 
testing is to be repeated until the meter is found to 
register correctly. The circle of the photometer meter 
which indicates each revolution of the measuring drum, 
or one-twelfth of a cubic foot, is divided into 50 divisions, 
each of which therefore represents l-500th of a cubic foot. 
Consequently six of these divisions represents one per 
cent. Some sulphur-meters have a similar circle, but 
others have a circle indicating one cubic foot, which circle 
is divided into 100 parts, each division of which conse- 
quently represents one per cent. The difference of about 
an ounce in the quantity of water in the meters, when 
they are charged nearly to the water level, will make them 
register one per cent, either fast or slow. If the tempera- 
ture indicated at T be higher or lower than the tem- 
perature at the outlet of the meter, the volume indicated 
by the meter must be corrected, in order to find the volume 
which the meter ought to register at the time of testing. 
Divide the number (Table C) corresponding with the 
temperature and barometer pressure of the cubic foot 
measure by the number corresponding with the barometer 
pressure and the temperature of the meter. 

This system of testing the meters constitutes a refine- 
njient, which it is needless to adopt in the majority of 
cases. If a meter be provided with a water-line gauge, 
stand perfectly level, and be kept clean internally, the 
water level can always be adjusted readily, and with the 
certainty, according to the Author's experience, that 
any error will not exceed l-5th of a per cent., so that the 
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possible e^nror with 16 candle gas would be 0*032 of a 
candle, while with gas containing 20 grains of sulpbnr, 
the error might be '04 of a grain. It is very doubtful if 
with such refined meter testing, more accurate results are 
obtained. If, however, a meter is allowed to get foul, and 
its working resistance or friction increases very much, 
errors may arise. The working friction of a testing meter 
should therefore be frequently ascertained (see par. 32), 
and should not exceed one-tenth of an inch. 

With the Referees' measure, a cubic foot of water is 

needed for every cubic foot 
of air measured, and extreme 
care and watchfulness must 
be exercised. The Author's 
method is, he thinks, much 
more facile. The bottle is 
mounted within a strong 
frame, and below it is a water 
tank, which, when charged, 
is nearly counterpoised by 
weights, so that the applica- 
tion of certain other loose 
weights causes the tank to 
rise or fall, while their re- 
moval causes the tank to de- 
scend. In rising, the air in 
the bottle is expelled through 
the air-pipe, then through a 
well made wet-governor, and 
thence through the meter to 
be measured. No error does 
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or can arise from the intervention of the governor. At 
the outset the governor is weighted to the needful extent, 
say to give five ox six-tenths pressure, and the cubic foot 
measure, governor, and meter connected together by pipes, 
and their aeriform contents brought into equilibrium with 
the atmosphere. The necessary loose counterpoise weights 
being applied, the tank rises, water enters the lower part 
of the bottle, driving the contained air forward, the 
governor comes into action, and when all air has been 
expelled from the bottle, the governor delivers the air 
which it has received to the meter, and again a state of 
equilibrium is attained. This system has been severely 
tested by the Author. It is easy to work, there is no waste 
of water, and the latter may be maintained at, or readily 
brought to, the same temperature bs the testing room. 

F.— Times audKoda of Testing for Pressure in London. 

" Six observations shall be made daily of the pressure 
** at which gas is supplied, and of these observations, 
^' three shall be made during the interval from midnight 
*' to sunset, and three during the interval from sunset to 
** midnight. 

" The apparatus prescribed for the purpose is that known 
** as the Referees' Pressure Gauge, a description of which 
♦' is given in Appendix, to the instructions issued by the 
Referees, 

*' Th^ line round the float must first be brought to 
" coincide with the 55ero line of the graduated glass tube, 
" the stopcock for admitting gas being closed, and that at 
** the top of the a^pparatus being open. If necessary, wftter 
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" iH to be added or drawn off until a perfect coincidence 
" haa been obtained. TEen, the outlet having been closed, 
" gafl should be admitted gradually. Readings are to be 
" made to one hnndredth of an inch, and represent directlv 
" the pressure of the gas," 




The form of the Re- 
ferees' Pressure Gauge 
is shown in the cut. 
I C represents the body 
of the instrument, I the 
inlet for gas, D the out- 
let for water, P the 
graduated tube with 
float inside, Y the out- 
let for gas and inlet for 



When it ia desired to ascertain and record the pressures 
dnriug the sacoessiw hours of the day and night, a 
registering gauge (next page) should be employed. The 
base or body consists of two cylinders, one centrally placed 
within the other, and both in communication at their 
lower ends, the annular space at the top being closed. A 
float plays within the centre cylinder, and supports a brass 
rod surmounted by a pencil, which impinges upon a paper 
scale attached to a metal plate, which ia rotated by a 
Btrong clock. The cylinders are charged with water until 
the pencil rises to the zero of the scale. On the admission 
of gas into the outer cylinder, the water will be forced up 

k2 



in the inner cylinder to 
a degree proportionate 
to the presenre, and the 
pencil will mark the 
preesnre on the scale. 
As the instrument oe- 
oeeaarily works with a 
little friction, the pree- 
saree will have been 
with a rising pencil 
about one-teuth of an 
inch higher than indi- 
cated, and with s. falling 
pencil aboat one-tenth 
lower. 

It is indispensable 
when the presBore in 
the main is sought that 
there should be no drauglit on, or escape of gaa from, the 
connecting pipe to any pressure gange. When possible, 
therefore, an independent " preaenre service " should be 
laid on to the testing-room. 

O.— Proposed Standards of Light. 
Many standards of liglit, whereby to estimate the 
value of coal-gaSj have been proposed during the 
past 25 years, but it may be fairly asserted that only 
two of the number possess such charaoteristics as 
render them worth serious attention for official 
These two are the Pentane Gas of Yemon 
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Harconrt, Esq., and the Improved Lamp, invented 
by W. Keates, Esq., for burning sperm oil. 

Harcoubt's Standard Flame. Mr. Harcourt lays 
down a proposition of the soundest character, viz., 
'^ that since the value of an illuminant depends 
'^ solely upon such parts of the total force radiating 
^^ from a £ame as affect the human eye, no test of 
'^ illuminating power can be satisfactory which does 
'^ not depend upon vision ; at least, until it has been 
^^ proved that some other effect of radiation is for all 
'^ flames in direct proportion to the effect on the optic 
'^ nerve. Such a relation seems improbable, and can- 
'^ not be established until some exact mode of measur- 
'^ ing the visual effect has first been found.'^* 

Mr. Harcourt further says, " The combustible 
^' must be of known and definite composition. The 
'^ condition of burning must be of a simple and 
'' definable character. The nature of the combustible 
and the conditions of burning must be such that 
atmospheric changes may produce a minimum of 
effect upon the light. The operator should be able 
to verify for himself the composition of the com- 
'' bustible he employs.'' 

The standard combustible which Mr, Harcourt 
proposes consists of ''a mixture of air with that 
" portion of American petroleum which, after repeated 
'^ rectifications, distils at a temperature not exceeding 

♦ " On a new kind of Light for Photometry." — ^Augost, 1877. 
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50^ C. (122'^ F.) The liquid thus obtained consists 
almost entirely of pentane^ the fifth member of the 
aeries of paraffins. Its vaponr densily was found 
to be 87^ the theoretical density of gaseous pentane 
as compared with hydrogen being 36. The liquid 
'' used in the experiments made has a specific gravity 
'^ which has only varied in different samples^ prepared 
^* from petroleum obtained from different sources^ be- 
" tween 628 and -631/' 

The standard gas is made by pouring a mea- 
sured quantity of pentane into a small gasholder^ 
previously charged with a measured quantity of air. 
For every cubic foot of air the required volume of 
pentane is three cubic inches. The volume of air i^ 
measured either by a meter or by a scale attached to the 
gasholder^ and is drawn in by adding weights to the 
counterpoise. The liquid is measured in a small flask^ 
whence it is poured through a tap in the upper plate 
of the gasholder. A convenient quantity of the stan- 
dard gas to prepare at one time is four cubic feet, 
which is sufficient for from forty to fifty testings and 
requires a gasholder of only five or six cubic feet 
capacity. 

If the liquid pentane comes into contact with 
the plug of the tap, it acts upon the lubricating grease, 
and may induce leakage. To prevent this, a piece of 
caoutchouc holding a glass tube which can slide up 
and down^ is placed in the mouth of the tap, and the 
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measuring flask is famished with a stopper^ also hold- 
ing a glass tube. The two are connected by means 
of a piece of red-rubber piping. The tap is then 
opened^ and the glass tube pushed downwards through 
the plug of the tap into the gasholder. The flask is 
then inverted, and the pentane is poured in. When 
the flask is emptied, the sliding tube is gently worked 
upwards until its end clears the plug of the tap, which 
is known by observing a mark on the tube ; the tap 
is then closed, and the flask disconnected. Complete 
volatilisation and diffusion will take place within 
about five hours, when, if the barometer be at 30 
inches and the temperature be 60^ Fahr., and if the 
gasholder be perfectly balanced, so as to exercise no 
pressure on the contained gas, the volume of the 
latter should be 4*05 cubic feet, if nine cubic inches of 
pentane have been added to three cubic feet of air. 
The relation between the density of pentane in the 
liquid and the gaseous condition is such, that one cubic 
inch of the liquid yields rather more than 200 cubic 
inches of vapour ; and thus nine cubic inches yield 
about 1 and l-20th cubic foot (= 1814 cubic inches). 

The liquid pentane may be always measured 
correctly by warming or cooling to 60^ Fahr., or by 
using a flask, graduated for volume at various tempe- 
ratures, but the air volume must be found by calcu- 
lation (14—15). 

BuLS. — Multiply the volume intended to be 
taken (say S cubic feet) by 1000, and then divide 



142 

by the number (Table C) due to the actual pres- 
snre and temperatore. 

Ez. .—Bar., 80-4. Temp., 48^. Number, 1044. 

3 X 1000 

= 2-873 

1044 

the number of cubic feet of air required at 30*4 ins. 

and 48^ Fahr. 

When the pentane gas has been made, its volume 
is read on the scale of the gasholder, and cor- 
rected as above to the volume it would occupy at 60^ 
Fahr., and under a barometric pressure of 30 inches. 
Deducting the volume of gas previously in the holder, 
and the three cubic feet of air introduced^ the remain- 
der is the volume of pentane vapour which has been 
formed. If it is within two or three per cent, of 1*05 
cubic foot, the correctness of the operation of pre- 
paring the gas is established. 

The burner consists of a brass tube one inch in 
diameter and four inches long, furnished at the top 
with a soundly-fitting brass plug half-an-inch in thick- 
ness, having a central hole exactly a quarter of an 
inch in diameter. With pentane gas issuing at the 
rate of half a cubic foot per hour, a steady flame is 
produced 2^ inches long, and equal to the average 
light given by a standard sperm candle (8). The 
height of the flame is indicated by a platinum wire 
carried by an upright rod attached to the side of the 
burner. The gas is measured by a little wet meter of 
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only 1.60tli of a cubic foot measuring capacity, whicli 
Mr. Harcourt adopted at the Author's Suggestion. 

There is but little difficulty in preparing or in 
using the gas ; all that is needed is intelligence and 
carefulness, as the Author can testify, after some 
experience, which, however, has not been extensive 
einough to justify any absolute expression of opinion. 
Certain it seems to be, that this gas does not dete- 
riorate in quality, but is only subject in that respect, 
as all gases are, to increase and diminution in density 
under changes of pressure and temperature, for which 
corrections are made by calculation in the same way 
as practised with coal-gas. 

Caecel Lamp. — It was proposed some years since 
to adopt in this country the same standard of light 
as that employed in France, namely, that produced 
by the consumption of 648 grains (42 grammes) 
of colza oil per hour, burned from a Carcel lamp of 
certain absolute dimensions and under specified con- 
ditions. The favourable opinion expressed for this 
lamp by some scientific men, induced the Author to 
obtain several standard lamps from Paris, together 
with the necessary wicks and oil, and to engage in a 
series of several hundreds of very carefully-conducted 
experiments, the results of which, in spite of his pre- 
dilections, forced him to the conclusion that the Car- 
cel lamp, while demanding much more trouble and 
attention than sperm candles, was, as a standard, but 
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little^ if any^ more to be relied upon for constancy of 
Kght. 

EiATBs' Lahp. — In the year 1869> Mr. Keates 
published particulars relative to his Moderator Lamp^ 
which he suggested as a standard light for illumi- 
nating power in place of sperm candles. With this 
lamp Mr. Keates used sperm oil, instead of colza or 
any other vegetable oil, on account of its greater flu- 
idity and its low specific gravity, which renders adul- 
teration by inferior oils almost impossible. The con- 
sumption rate with the original lamp was 750 to 760 
grains of oil per hour, and the light yielded equal to 
about 10 sperm candles' power ; but within a recent 
period modifications and improvements have been 
made in the burner, and other details, by Mr. W. 
Sugg, which have raised the hourly consumption of 
the oil to about 980 grains, with a flame length of 
two inches and the light yielded to about 16 candles. 
The Author has had no opportunity of working with 
this lamp, but is assured by competent authorities that 
the light which it affords is very constant after the 
first quarter of an hour or so of burning. Mr. Keates 
is still experimenting with it, and will, no doubt, when 
possible, publish full particulars of the proper mode 
of using and the results obtained. In use, the lamp 
is suspended from the beam of a steelyard balance 
affixed to the end of the photometer, so that adjust- 
ments of the flame, etc., are made, and the rate of 
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consnmpticn of the oil determined, while the lamp- 
flame is burning, and while in position for use. 

Piddbb' Light. — ^About thirteen or fourteen years 
ago, Mr. Fiddes, of Bristol, stated that the amount 
of light passing through a circular hole about 
a quarter of an inch in diameter, and at a certain 
height, in an opaque chimney surrounding an Argand 
flame, was constant, or nearly so, notwithstanding 
that the gases supplied to the burner might differ 
very much in illuminating power, and he proposed such 
a burner and chinmey in substitution for candles. 
The Author made a considerable number of trials with 
Mr. Fiddes' burner, but failed to secure such an 
approximation to constancy in light as had been pre- 
dicated. The causes of his complete failures he now 
beUeves to have been, first, neglect in making a suffi- 
i^cient number of experiments to determine the proper 
shape and position for the hole, through which the 
light was emitted, and, secondly, in the use of a^ 
opaque chimney instead of a slotted screen. 

Mbthvin's Light. — Experimenting in the same 
direction as Mr. Fiddes had done, but apparently 
without any knowledge of what had been attempted, 
Mr. John Methvin, of the London Gk» Works, 
carried out a series of exhaustive experiments, 
which led him to the conclusion that the quantity of 
light which would pass through a vertical slot ^-inch 
wide and 1 in. long, in an opaque screen, at a definite 
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height from the base of an Argand flame three inches 
long, or very nearly so, was equal for all qualities of 
gas — and certainly so for qualities between 15 and 35 
candles' power — ^the burner employed being a London 
Argand No. 1, and the screen being placed very near 
to, and at a fixed distance from, the burner. Mr. 
Methvin explained his system fully in a paper read 
before the British Association of Qsa Managers, June, 
1878,. The Author ventured to dispute the relia- 
bility of the proposed standard in two letters to the 
'' Journal of Gras Lighting,^' and still adheres to 
his objections to the proposed standard as an official 
one, but is bound to admit that, as a supplement to 
the usual standard (sperm candles), it is likely to be of 
great value to the gasmaker, inasmuch as a very close 
approximation to the illuminating power of the gas 
being made or delivered, may, by Mr. Miethvin's 
system, be at any moment promptly obtained. Some 
experiments made by the Author, under by no means 
the best conditions, with rich cannel gas and coal gas 
of about 16 candles' power, gave an extreme diflFer- 
ence of 2^ per cent., and a mean difference of about 
li per cent. 
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RULES AND TABLES 

TO FACILITATE THE CALCULATIONS NECESSARY IN THE 

DETERMINATION OP THE 

ILLUMINATING VALUE 

AND 

DEGREE OF PURITY OF GAS COALS. 



PHOTOMETRY. 

Rule 1. — If the rate of the gas consumption has /aZZe/i 
heldw or risen above 5 cubic feet per hour. 

Multiply the average of the photometer readings 
by the number under the actual consumption 
in Table A. 

Rule 2. — Multiply the sum obtained by Rule 1 by the 
consumption of the two candles, as ascertained from 
Table B. 

Rule 3. — Divide the last-obtained sum by 20, or point off 
to the left an additional decimal place, and divide 
by 2. 

Rule 4. — ^Multiply the quotient obtained by Rule 3 by 
1000 (i.e.y set back the decimal point 3 places to the 
right), and divide by the tabular number correspond- 
ing to pressure and temperature* in Table C. 



* The temperature to be observed is that of the gas issuing from 
the meter, and not that of the air. 



AMMONIA AND SULPHUR. 
Bulb 1. — Take the readings of the barometer on the day 
the testings commence, and also on the day on which 
they close. The mean of the two is the pressure and 
temperature (Note * on previous page) nnder which 
the tabular nnmber is to be sought in Table C. 
Rule 2. — Multiply the number of grains of barium sul- 
phate obtained by operating upon half the liquid 
resulting from the burning of 10 c. ft. of gas by 11 
and divide by 4, again multiply the quotient by 1000 
and divide by the tabular number due to pressure 
and temperature, remove the decimal point 3 additional 
places to the left, and the result will be the number 
of grains of sulphur in 100 c. ft. of the gas. 
Rule 3. — The correction may be made with sufficient 
accuracy in the following manner : after the multi- 
plication by 11 and the division by 4 of the sulphate 
obtained, add to or subtract from the weight found as 
under : — 
Tab. No. between 955-965 966-975 976-985 986-995 

l-400th l-300th l-200th 1-lOOth 
Tab. No. between 996-1005 no correction. 
Tab. No. between 1006-1015 1016-1025 1026-1035 

1-lOOth l-200th l-300th 
No correction is made in respect to ammonia, its 
quantity being so small. 

The Table C is from 40*^ upwards a copy of that issued 
by the Referees, the numbers for lower temperatures 
having been calculated by the Author. The numbers will 
be found useful in reducing the volume measured by a 
meter or gasholder to standard bulk (225). 



Note. — The numbers in the Table C have been re- 

17-64 (/ir— a) , T . 

calculated from the formula w = ^^^^ — ' wnere n is 

the height of the barometer in inches, t the temperature 
on the Fahrenheit scale, and a the tension of aqueous 
vapour at t^. If v is any volume at t^ and h inches pres- 
sure, and V the corresponding volume at 60® and 30 inches 
pressure, V=t; n. 

The number^ in Table C show the relation of volume 
to 1000, but when three figures are marked off as decimals, 
the numbers show the relation of Vol. to Unity. 



Ex. 



984 to 1000, 

or 
•984 to 1. 



TABLE A. 



Gas C. ft. 

per hour 


4-7 


4-75 


4^8 


4-85 


4-9 


4^95 


50 


Multiplier . . 


1-06 


1^05 


1-04 


103 


1^02 


101 


0^0 


Gas— C. ft. 

per hour 


5-05 


5-1 


515 


5-2 


5-25 


5-3 


535 


Multiplier . . 


•990 


•980 


•971 


•961 


•952 


•943 


•934 









TABLE B. 








2 CA.VDLXS. 

Consumpt of 
40 grains of 

Si)erm in 
Min. Sees. 


2 Caudles. 

Consumpt 

in 10 
Minutes. 

Grains. 


Consumpt 

for one 
Candle per 
' hour. 

Grains. 
114-1 


2 Caxtdlxs. 

Consumpt of 
1 40 grains of 
Sperm in 
Min. Sees. 


1 
2 Candles. Consumpt 

j for one 

Consumpt Candle per 

in 10 hour. 
Minutes. 

Grains. ' Grains. 


10 


81 


8803 


i 9 


58 


40-13 


120-4 


10 


80 


381 


114*29 


9 


57 


40*2 


120-6 


10 


29 


8816 


114-58 


9 


56 


40-26 


120*8 


10 


28 


38-21 


114-65 


i 9 


55 


40-33 


121* 


10 


27 


38-31 


114-8 


9 

1 


51^ 


40-4 


121-21 


10 


26 


88*33 


115- 


9 


53 


40-47 


121-41 


10 


25 


88-40 


115-2 


9 


52 


40-54 


121*62 


10 


24 


38-46 


115-38 


9 


51 


40*6 


121*82 


10 


23 


88-52 


115*56 


1 

1 9 


50 


40*67 


12201 


10 


22 


38-58 


115-75 


1 » 


49 


40-74 


122*22 


10 


21 


38-64 


115-92 


t ^ 


48 


40-81 


122-44 


10 


20 


38-71 


116-12 


1 9 


47 


40-88 


122*65 


10 


19 


38-77 


116-31 


9 


46 


40*95 


122*86 


10 


18 


38-83 


116-5 


9 


45 


41*02 


: 12307 


10 


17 


38-9 


116-69 


1 9 


44 


41*09 


123-27 


10 


16 


38*96 


116-88 


1 9 


43 


41-16 


123*49 


10 


15 


39-02 


117-07 


9 


42 


41*23 


123-71 


10 


14 


89-08 


117*26 


9 


41 


41*3 


123*92 


10 


18 


3915 


117*45 


9 


40 


41-38 


124-13 


10 


12 


39-21 


117-64 


9 


89 


41-45 


124*35 


10 


11 


89-28 


117-84 


9 


38. 


41-52 


124*56 


10 


10 


39-34 


118*03 


9 


37 


41-59 


124-78 


10 


9 


39-41 


118-22 
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36 


41*66 


125- 


10 
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39-47 


118-41 


9 


35 


41*74 


125-21 


10 
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89-54 


118-61 
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34 


41-81 


125-43 


10 
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39-6 


118-81 
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83 


41-88 


125*65 


10 
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39-66 


119- 
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82 


41-96 


125-87 


10 
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39-73 


119-2 


9 


81 


42-03 


126-09 


10 
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89-8 


119-4 


9 


80 


42-1 


126-31 


10 


2 


89-87 


119-6 


9 


29 


42-18 


126*53 


10 


1 


39*93 


119*8 


9 


28 


42-25 


126-76 


10 





40*0 


120- 


9 


27 


42-32 


126-97 


9 


59 


4006 


120-2 


9 


26 


42-4 


127*2 
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> 



WEST'S . 

GAS mPEOVEMENT COMPANY, 

LIMITED, 

Are now prepared to Supply and Erect their Patented Machinery for 

CHARGING 

AND 

DRAWING GAS-RETORTS, 

And to enter into arrangements with das Companies for 
' its use npon moderate terms of Boyaltj. 



— M t r |i 



The charging and drawing of retorts by machinery, actuated 
directly or indirectly by steam-power, has never proved commer- 
cially saccessfnl, and the projectors of such systems have never 
furnished reliable evidence of the cost of working and the resnlts 
obtained. West's System assists and rednces mannal labour. It 
has stood the test of time and severe trial. The Company are pre- 
pared to snbmit irref ntable proofs that by working on this system 
the following advantages are obtained: — 

MORE GAS PER TON OF COAL, 

MORE GAS PER RETORT, 

GREAT SAVING IN COST OF LABOUR. 

From which facts RESULT 

LESS COAL TO BE CARBONIZED, 
FEWER RETORTS IN ACTION, 

FEWER MEN FOE THE WORK TO BE DONE. 



The System may be seen in full operation at the 
Maidstone Oas Works on application to the Manager. 

Conmnmications may be addressed to the MANAGING 
DIRECTOR, Maidstone, to the Consulting Engineer, 
R. P. SPICE, Esq., M. Inst. C.E., 21, Parliament Street, 
London, S.W., or to the Engineer and Analyst, F. W. 
HARTLEY, Esq., A.. Inst. C.E., 55, Millbank Street, 
London, S.W. 




HBN^Y BALFOim & Co., 

ENGINEERS, IRONFOUNDERS AND GAS 

APPARATUS MAKERS, 
39, FINSBURY CIRCTIS, LONDON, E.G., 

WoEKB— DURIE FOUNDRY, LEVBN, rirE,N.B., 

MANDFACTnEEHa OF 

GAS HOLDERS, Single or Telescope, with or without 

counter-balance gear; Tanks, cset and wrought-iron, 
BOILERS, PDEIFIEB8, 

CONDBNSEES, EETORTS AMD FITTINGS, 

CKANES, EOOFa, 

EXHAUSTERS AND ENGINES, SCEUBBEHS, 

OIBDERS, Cast A Wronght-irop, BHAPTING, 
IRON PIPES, VALVES, 

PDMPS, WASHEKS. 

ANDERSON'S PATENTED INVENTIONS, viz., 
FOUBWAT BTE-PASS VAIiVES, ENGINES 4 EXHADSTEBS, 

BEVOLVTNG BE08H BCRUBBEES, 
GAB WASHERS, FUEL UAKINQ MACHINES, GOVERNORS, Ac. 

H. B. 4 Co. ondert«ko Contracts for the Supply aod Erectton of 
GAS WORKS, either for Towns or Mansioua, or the remodellmg of 
exirtir^ Works. 

SH IPPING ORDERS 

receive Special attention. H. B. & Co. having had large experience 

in this Department, undertnke to nbip f .o.b. properly packed and 

marked for cxpoH. 

ESTIMATES AKD DESIGNS ON APFLICATIOHt 



B. DONKIN & GO'S 

IMPROVED GAS VALVES, 

WITH WROUGHT-IRON PINIONS. 

List of Pbicbs, with foil dimenBioDS np to 48<inch, to be 
had on applicBrtiou. 

These Yalvea are proved on both sides to 30 lbs. on the 
square inch before leaving the works, and are kept in stock. 

Used by 

most of the 

English 

and 
Foreign 




Companies 
for the 

last 
30 years. 



ALSO lUXIRB OP 

SPECIAL FORMS OP GAS VALVES, 

J. BEALE'S NEW PATENT GAS EXHAUSTERS, 

STEAM ENGINES FOR DRIVING 

GAS-EXHAUSTERS, 

VALVES FOR AMMONIACAL LIQUOR, 

IMPROVED BRIDGE VALVES FOR REGULATING 

THE SEAL IN HYDRAULIC MAINS, 
BYE-PASS VALVES, "WATER VALVES, Ac., Ac. 



B. DONKIN & C"' 

Blue Anchor Ed. (now called Sonthwark Park Ed.), 
BERMONDSEY. LONDON, S.E. 



ALFRED WILLIAMS, 
Phoenix Fire^Brick Wliarfi 

64, BANKSIDB, SOTJTHWAEK, 

LONDON, S.E., 

ENGINEER AND CONTMCTOE 

For the Erection of G-AS-WORKS, and for the 

Supply of 

RETORTS. FIRE-BRICKS. 

Retort Fittings, Cast Iron Mains, 

And all Plant, Tools and Materials for the 

Manufacture and Distribution of Qas. 



Plans furnished, and the Apparatus supplied and 
erected for the manufacture of Sulphate 

of Ammonia. 



Agent for Baldwin Latham's Patent 

Sewer Ventilators. 



ZIBEHAM, HITLETT & GHANDLEB'S 

PATENT "STANDARD" 

WAS HER &SCRU B B E R. 

This Washer and Scmbber has been used for nearly two years on 
a large scale at the Works of ** The Qbs Light and Coke Company/' 
Bromley-by-Bow, and at Pancras Station; sAbo at the Gas Works of 
the Corporation of Leeds. 

The Special Merits of this Washer are as follow : 

It is a very effectire Condenser, so that it is not absolutely neces- 
sary to reduce the temperature of the Gas to 60^, or there- 
abouts, to make the Washer effective. 

The distribution of the liquor is made with unerring regularity. 

It occupies a very small space, so that it can be, at little expense, 
effectually protected from extreme changes of the weather. 

The considerable expense of Coke or Wood, or other Scrubbing 
Material, is entirely saved, and the great nuisance and cost 
of from time to time replacing the Scrubbing Material is 
avoided. 

By the revolution of the discs the quantity of water carried up by 
them, and tending continuously to fall, exposes a very large 
amount of fresh wetted surface in contact with the gas. 

It is particularly adapted for Gas Works where Sulphate of Am- 
monia is manufactured. 

It is muoii cheaper than any other Scrubber that will do the same 
amount of work effectually. 

It is the only Washer suitable for purifying Cras from all its impu- 
rities by solution. 

It works with a minimum of pressure. 

It takes out every trace of Ammonia from the Gas in once travers- 
ing the machine. 

It requires very little outlay for foundations. 

The xmclermeiitioiied Engineers have given Testimonials 
as to the thorough efficiency of the ** Standard " Washer 
and Scrubber, and its power to remove the whole of the 
Anunonia from Coal Gas. 

W. B. WRIGHT, Esq., Gas Light and Coke Company. 

JOHN CLARK, Esq., 

HENRY WOODALL, Esq., Corporation Gas Works, Leeds, 



For further ParticvZars and TestimoniaU apply to 

Messrs. KIRKHAM & HERSEY, 
Consulting Engineers^ 
21, Abingdon Street, London, 8.W. 

SEE iraiXT PAGB.3 
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UVESErS PATENT WASHER 

Effects Complete Contact^ which^ in this apparatus^ is. 

produced 

BY PASSma THE QA8 in a FINELY-DIVIDED 

STATE through the WASHING LIQUID, 

instead of merely over a wetted surface, 

as in a scrubber. 



The gas is twice broken up into small bubbles^ 
by passing through finely perforated iron plates. 
The pressure does not exceed 3 inches. 

It removes the whole of the T& from the Qas, and 
nearly the whole of the Ammonia. 

It strenethens the weak liquor, and causes it to 
take up a great quantity of Sulph. Hydrogen 
and Carbonic Acid. 

It works uniformly without trouble, and the holes in 
the perforated plates neither become larger nor 
choked with Tar. 

For Sizes and Prices see opposite page. 

Washers of this kind have been fixed at the following 
Gas- Works ; — South Metropolitan (4 years in use). 
Phoenix, Crystal Palace District, Coventry, Salford, 
Maidstone, Staleybridge, Eochester, Silvertown, 

And other important Works, 

*#* These Washers are made in sizes, to pass from 100,000 

per 24 hours and upwards. 

Farticnlars and Prices may be obtained of the authorised Makers — 
Bailuy, Pxgg & Co., Bankside, London (District South of Bir- 
mingham; B. Dempsteb a Sons, Elland, near Halifax (District 
North of Birmingham) ; Willey A Co,, Exeter (District West of 
Southampton and South Wales), or pf the Fatsntsb, 589, Old Kent 
Boad, J^ondon, S.E, 
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AlEP WEIGHT & CO, 

55, 55a, & 56, MILLBAITE STBEET, 

LONDON, S.W., 
ENGINEERS and MANUFAGTUBEB8 of 

Of the most perfect construction, as supplied for 

many years to the 

Gad Light and Coke Company, and to other London, 
Provincial, and Continental Gas Companies. 



WRIGHT & CO.'s DRY METERS 

Are surpassed by those of no other Maker, and are 
more substantial than most Dry Meters. 



WRIGHT & CO.'s WET METERS 

Have received the testimony of 25 years' extensive 
use, and their construction has been copied by many 
Meter Makers. They ensure accurate measurement 
by compensation, i.e., by maintaining the water level 
at its proper height. Compensation in a Consumer's 
Meter is generally essential, and a meter is a ^^ Com- 
pensator,'' whether the compensation be effected by 
water or by gas. That meter is the best which works 
with the least friction, which is the least complex, and 
may be most readily cleaned or repaired when needful. 
These conditions are satisfied with A. WRIGHT & 
CO.'s Wet Meters. 



Lists on Application. 



HEF WEIGHT & CO, 

55, 55a, and 56, MZLLBAirE STBEET, 

LONDON, S.W., 
MANUFAGTUBEB8 OF 

STATION GAS METERS, 

Station Gas Governors^ 

Ezhaufrt; Begrnlators, 
Exhaust Begisters, 
Pressure OaugeSy 



Pressure Registers, 
Begisteriug Gauges, 
King's Gauges. 



" n mrr'nr'Mt'ri M t st 



JONES'S DIFFERENTIAL 

GOVERNORS, 

The most perfect of all Qoyemors ior reducing 

e^cessiye preasore at various points in 

HILLY DISTRICTS. 



Gas Meter Testing Apparatus, 

nrcLusiNO 

GASHOLDBES, TEST METERS, &c., &o.. 

As supplied to many 

CORPORATIONS, GAS COMPANIES, METER 

MAKERS, and throughout the 

DOMINION OF CANADA. 

Lists on Application. 



ALEX^ WRIGHT & Co., 

55, 55a, & 56, HILLBANE STBEET, 

LONDON S.W., 

OP 

EVERY DE8GBIPTI0N OF APPARATUS 

REQUIRED FOR THE 

A/VALYSI8 of' GOAL GAS. 



STAJTOARD 

LETHEBY PHOTOMETERS, 

METERS, GOVERNORS, &c., 

AS AFFBOTED BT THIS 

Gas Referees, and used by them 

at their Offices, and every kind of Instrument 
necessary in the determination of 

ninminatmg Power and Purity. 

PHOTOMETERS 

FOR SPECIAL PURPOSES TO ORDER. 



lAsts on Application. 



ALEX" WRIGHT & CO., 

55, 55a, & 56, HILLBANE STEEET, 

MANUFAGTUBEB8 OF 

f 

Improved Lamp Meters, 



AND 



Lam.p Meter Boxes, 

Street Lamp !Begulators, 

Lever Lantern Cocks, &c.. 

As supplied by A. WEIGHT & Co. to 

The Vestry of ST, GEORGE, 
Hanover Square, 



ALSO TO OTHKE 



PUBLIC AUTHORITIES, 

And now in Satisfactory Operation. 



Street Lanterns, Lighting Eods, 

AND 

ALL EEQUIEBMENTS FOE 

PUBLIC LIGHTING. 



Lists on Application. 



SAMUEL CTJTIEE & SONS, 

Contractors for Gas & Water Works, 
Greneral Engineers, Iron Founders, 

And MANUFAGTUBEB8 of 

GASHOLDERS, TANKS, FUBIFIEBS, 

SCRUBBERS, VALVES, EXHAUSTERS, 
IRON ROOFS, BRIDGES, BOILERS, 

AND 

General Cast and Wrought Iron Works. 

S. C. & SONS undertake the entire erection o£ 
New or Remodelling of existing GAS WOEKS in 
any part of the World, including small Works for 
MANSIONS, FACTORIES, &c., ; or Works of the 
largest extent (have recently constructed the largest 
Gasholder yet erected) ; also the Supplying and Lay- 
ing of MAINS. 

They make a Speciality of supplying any requisite 
whatever for a Gas Work, keeping in Stock what are 
most in request. WOOD SIEVES for Purifiers and 
Scrubbers, of a superior make. 

8PE0IAL CASTINGS to Drawing or Pattern 

at Shortest Notice, 

jlEanufacturrrjs of 

Morris and Cutler's Patent Condenser, 

Cutler's Patent Gas Wash&r. 

Cutler's Patent Hydraulic Multiple Way Valves, by which 

a set of Purifiers can be worked in any conceivable 

manner. 
Cutler's Patent adjustable Retort Mouthjpiece supportSy by 

which the strain is removed from the Retorts. 
Cutler's Patent Bemovable Dip Pipe Seal, safe and certain. 
Cutler's Patent Iron Purifier Sieve, especially suitable for 

use in Lime Purifiers. 

Providence WorkSc Millwall (near the-Steamboat Pier), 

LONDON, S.K 



EDWAED COCKET & SONS, 

Oas Engineers, Frome Selwood, 

MANTJPACTUEEBS OF ALL DESOEIPTIONS OF 

Apparatus connected with Gras- Works. 

The Original Patentees and Mannfactnrers of the 

DRY-PACED VALVES 

FOB 

Purifiers, Gas-Holders, Bye-Pass, 

And other arrangements requiring Valves in 

Gas- Works. 



The Faced Valves, as made by the Patentees, continue 
to give great satis&rCtion, and they are being used exten- 
sively by many of the best gas engineers of the^day. 

They are more easily repaired than any other kind of 
Valve in use, and can be re-gronnd in a few hours without 
removal, and made perfectly gas-tight. 

References cian be given to many Engineers of high 
standing, who will testify as to the favour in which they 
are held. 



HaniifieictiLrers also of Superior Wood 

for Purifiers^ Scrubbers, &c. 



GEORGE WALLER & CO., 

Gas and-Hydraulic Engineers 




Compensa' 
Govt 



Patent 

ting Steam Gover- 
nor, with self - *^'^^" 
tained Water Balance, 

to act upon the Throttle 
Valve of Engine, and 
regulate ite speed to suit 
the make of Gae. 

For particulars, see 
No, 8 in Catalogue. 

Gaa Exhausters from 

\ J to 200,000 cnbio 

1 t per hour, with or 

thmt Combined En- 

es ; also Inlet and 

tlat Valvea, 
a t iig Bye-Pass Valves, 
H [iranlic Governors, 
T rottleValvee, Pumps, 

1 lera, Scrubbers, Con, 
lacrs. Purifiers, Coal 

J fts Retort - House 
TujIs, and all kinds of 
Aj piratna for Gaa- 
Works. 

NOTE!— A Largt 
Stock of ExhaTisteri 
Valpei, ^c, always 



PHOiNIX ENGINHEBIITG WOSKS, 
Eollaud St., & Bear Gardens, London, S.K 




ALMOST INDESTRUCTIBLE. 

The only GOLD MEDAL ever awarded for Gas Stoves ; 

Society for tlie Promotion of Scientific Industry, 

Manchester Exhibition, 1875, 
For PHmphleta, CatalogasB, Price Lists and other niastrstioiiE, 
TestimDnials, Ac, apply at 

woEKS AND orpiras- 

54 to 68, St. Paul's St., New Nortli BoacI, London, IT. 

WAREHOUSE— 74, Strand. London, W.C. 



CCTS., 



ALFRED LASS, f.i.a 

Special Accountant for 

Gas & Water Undertakings, 

30, GRAGECHURCH STREET, LONDON. 



Accounts Analysed and Statistics 
Prepared for Parliamentary Pro- 
ceedings, Arbitrations, &c. 



The Forms of Account, which 
have been specially designed by 
Mr. LASS to meet the require- 
ments of the Gas Works Clauses 
Amendment Act, 1871, are now in 
use by many Gas Companies, Local 
Boards and Corporations. 



35, Queen Victoria Street, London, E.G. 




SOLB MAKERS OP 

MORTON'S 
PATENT SELF-SEALING RETORT LIDS, 

With Holman's Patent Eccentric Fastenings, 

(Anti-Frictian Catchei and Ntw Self-Adjusting Cross Bara,) 

Sou MAKEas OF Hunt's Patisi 

EQUILIBRIUM 
GAS GOVERNOR. 

These Govemora have been adopted 
by Beveml leading Gaa CompanieB, 
among whom may be mentioned — 
The Gaa Light and Coke Co., at Beck- 
ton ; Blackf riare, Bow Common, Brom- 
ley-bj-Bow, Goswell Boad, Haggers- 
tone, King's CrosB, Bhoreditch, White- 
chapel, Ac- ; The London Qas Works, 
Kine Ehna ; alio at Birmingham, Ex- 
eter, Newcastle, Oiford, Plymouth. 
8t. Heleo'B, Sheffield, and other Gm- 
Worka. 




The Special Slaam Pamy for Water, 
Tar, or Amtnoniatal Irtjuor ; Ton- 
gy^fEig h-pressare Empa-asive Sl*am 
Enginei ; Hydraulic and other Liftt 
for PvrifieT Covers, |"c. ; Gas Valatt, 
and other requisites for Qas-Worla. 



Frice Lists, Estimates, ftc, on 
application. 



BACKMOVSE f CO., PriHliTi, OmUyit., aiii LI. CoUegiil., Lanit 



BOOKS RELATING 



TO 



APPLIED SCIENCE, 

PUBLISHED BY 

E. & F. N. SPON, 

LONDON : 46, CHARING CROSS. 

NEW YORK : 446, BROOME STREET. 



The Ornamental PenrnarC s, Engraver Sy Sign Writer s^ 

and Stone Cutter^s Pocket-Book of Alphabets ; including Church Text, 
Egyptian, Egyptian Perspective, French, French Antique, French 
Renaissance, German Text, Italic, Italian Shaded, Italian Hair Line, 
Monograms, Old English, Old Roman, Open Roman, Open Stone, Orna- 
mental Roman, Latin, Rustic, Tuscan, etc. Fcap. 8vo, sewn, td. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst. C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Crown 8vo, cloth, 2/. 6^. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity^ 
Positive and Negative Quantities — Multiplication— Involutions-Exponents — No^ative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — IiOgarithms — Tables of Logaiithms 
and Proportionate Parts— Transformation of System of Lop^arithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Bmominal Theorem — Division, 
Fractions and Ratio— Continued Proportion- The Series and the Summation of the Series- 
Limit of Series — Square and Cube Roots— Equations — List of Formulae, etc. 

Progressive Lessons in Applied Science. By Edward 

Sang, F.R.S.E. Crown 8vo, cloth, each Part, y. 



metry 



Part I. Geometry on Papet — Part a. Solidity, Weight, and Pressure— Part 3. Trigono- 
try. Vision, and Surveying Instruments. 



On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.* Fcap. 8vo, sewed, dd. 

B 



3 CATALOGUE OF SCIENTIFIC BOOKS 



Arbiiraiians : a Text-book for Surveyors in Tabu- 
lated form. By Banister Fletcher, F.R.I.B.A., Author of 'Model 
Houses,' etc. Crown 8vo, cloth, $s. 

Contents : 

What matters may be submitted to Arbitration— Of the Submission — Of Revocation— 
Who may Arbitrate— Powers of the Arbitrators— Of Joint Arbitrators and Umpirn— Of 
Evidence— Of the Award— Of Costs and Charges— Advice to Plaintiff and Defendants- 
Appendix of Forms. 

A Handbook of Formula^ Tables, and Memoranda, 

for Architectural Surveyors and others engaged in Building, By T. T. 
Hurst, C.E. Twelfth edition, thoroughly revised and re-wntten. 
Royal 32mo, roan, 5/. Containing 2 

Formulae and Tables for the Strength of Materials, Roofs, Water Supply, Drainage Gas, 
and other matters useful to Architects and Builders — Information connected with Sanitary 
Engineering— 'Memoranda on the several Trades used in Building, including a Description of 
Materials and Analyses for Prices of Builders' Work— The Practice of Builders' Measure- 
ments-Mensuration and the Division of Land— Tables of the Weights of Iron and other 
Building Materials— Constants of Labour— Valuation of Property— Summary of the Practice 
in Dilapidations— Scale of Professional Charges for Architects and Surveyors— Tables of 
English and French Weights and Measures. 

^" It b no disparagement to the many excellent publications we refer to, to say that in our 
opinion this little pocket-book of Hurst s is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contend, for it appears to contain aumost 
everything that anyone connected with building could require, and, best of all, made up in a 
Compact form for carrying in the pocket, measuring only 5 in. by ^ in., and about f in. uiidc, 
in a limp cover. We congratulate the author on the success of^hu laborious and practically 
compilea little book, whioi has received unqualified and deserved praise from every profes- 
sional person to whom we have shown yxy^ihe Dublin Builder, 

A Treatise on the Use of Belting for the Trans- 
mission of Power ; with numerous Illustrations of approved and actual 
methods of arranging Main Driving and Quarter-Twist Belts, and of Belt 
Fastenings. Examples and Rules in great number for Exhibiting and 
Calculating the Size and Driving Power of Belts. Plain, Particular, and 
Practical Directions for the Treatment, Care, and Management of Belts. 
Descriptions of many varieties of Beltings, together with chapters on the 
Transmission of Power by Ropes ; by Iron and Wood Frictional Gearing; 
on the Strength of Belting Leather ; and on the Experimental Investiga- 
tions of Morin, Briggs, and others for determining the Friction of Belts 
under different Tensions, which are presented clearly and fully, with the 
Text and Tables unabridged. By John H. Cooper, M.£. i vol., demy 
8yo, cloth, 15^. 

Researches on the Action of the Blast Furnace. By 

(Charles Schinz. Translated from the German by W. H. Maw and 
Moritz Muller. Plates, crown Svo, cloth, &r. dd, 

Sponi Builders* Pocket-Book of Prices and Memo- 
randa, Edited by W. YoUNG, Architect. Royal 32mo, roan, 4^. 6d, ; 
or cloth, red edges, 3J. 6d, Published annually. Sixth edition now 
ready. 



PUBLISHED BY E. & F. N. SPON. 



Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed T3rpe Systems of Construction, with numerous 
Formula and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition* By B. Baker, Assoc. Inst. C.E. Plates^ crown 8vo, 
cloth, 5^- 

The Builders Clerk ; a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, i j. 6^. 

The Cabinet Maker ; being a Collection of the most 

approved Designs in the Mediaeval^ Louis-Seize, and Old-English styles, 
for the use of Cabinet Makers, Carvers, etc By R. Charles. ^ plates^ 
iblio, half-bound, 2IJ-. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re- written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Second 
edition, crown 8vo, cloth, 18J-. 

Section I. On the Equality and Distribution of Forces — Section II. Resistance of 
Timber— Section III. Construction of Floors— Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts^— Section XI. Joints, Straps, and other Fastenings-^Section XII. Timber. 

"A considerable time having elapsed since the publication of the second edition of this 
work, which was the last that had been revised by the author, his death occurring soon after, 
a new edition that would embrace recent improvements and examples was much required. 
Our stock of knowledge regarding the strength of materials has been largely increased, owing 
to the labours of Hodgkinson, Kirkaldy, and others. The rapid development of the railway 
system throughout the world has contributed gready to the introduction of new methods and 
to the multiplication of examples in the art of construction. More perfect and scientific 
appliances in the erection of laige works have been substituted for the pnmitive methods used 
in the last generation. These have all tended more or less to tax the ability and knowledge 
of the carpenter. The opening up and development of the resources of new countries have 
introduced varieties of timber, many of them possessing useful properties, not the least of 
which is that of resisting the attadc of sea-worms and insects— a cause of destruction that has 
hitherto been a source of much anxiety to the Profession. 

"In order to adapt this work as far as possible to the requirements of the modem 
•carpenter, it has been necessary to re-write the articles on Pillars, Bridges, and Timber ; to 
add new sections on Coffer-Dams, Scaffolds, etc., and to revise the remainder of the work 
throughout. And for the more complete illustration of these subjects several new plates and 
woodcuts have been added. 

" 'ilie Editor trusts that this edition will merit the confidence of the Profession as a book of 
ceference, and affi>rd at the same time valuable assistance to the student." 

Engineering Notes. By Frank Robertson, Fellow 

Roy. Astron, Soc., late first Lieut R.E., and Civil Engineer Public 
Works Department in India. 8vo, cloth, izr. td. 

The object of this work is to supply an exhaustive digest of all that is known on each 
subject, so far as is necessary and sumcient for an Engineer in practice, especially in India. 
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A Practical Treatise on CcLsting and Faundingy 

including descriptions of the modem machinery employed in the art. By 
N. £. Spektson, Engineer. With 82 pUOts drawn to scale, 412 pp. 
Demy 8to, doth, \%s. 

A Pocket-Book far Chemists^ Chemical Manufacturers, 

MetallurgistSt Dyers^ DistilUrs^ Brewers^ Sugar Refiners^ Photographers^ 
Students, etc., etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana- 
lytical and Consniting Chemist, Demonstrator of Practical Chemistry, 
Analysis, and Asnying, in the Mining School, BristoL Royal 32mo, 
roan, gilt edges, 5/. 

Synopsis of Contents : 

Atomic Wdghto and Factor*— Useful Data Chemical Calculationa— Rules for Indirect 
Analysis — Wetghts and Measures — Thermometers and Barometers — Chemical Physics— 



Boiling Points, etc.— Solubility of Substancea— Methods of Obtaining Snedfic Gnivitjr— Con- 
TCfsion of Hydrometers— Strength of Solutions by Specific Gravitr— dialysis— Gas Analysis- 
Water Analysis— Qualitative Analysis and Reactions— Volumetric Analjrsis — ^Manipulation- 
Mineralogy— Assaying— Alcohol — Beer— Sugar— Miscellaneous Techntdogiod matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, etc^ etc. 

A Practical Treatise on Coal Mining. By George 

G. Andr^, F.G.S., Assoc. Inst C.E., Member of the Society of Engineers, 
with 82 lithographic plates, 2 vols., royal 4to, doth, ^ I2s, 

Contents : 



I. Practical Geology— II. Coal, its Mode of Occurrence, Composition, and Varieties — ^III. 
Searching for Coal— I V. Shaft-sinking— V. Driving ofL«rels,or Narrow Work— VI. Systems 
of Woridng— VII. Getting the Cod— VIII. Haulage— IX. Windine— X. Drainage— XI. 
Ventilation— XII. Inddental Operations— XIII. Surface Work— XIV. Management and 
Account*— XV. Characteristics of the Coal Fields of Great Britain and America. 

Spans'* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy Svo, sewed. 

No. I, Ceylon. By Abraham Deane, CE. 2x. 6^. 

Contents : 

Introductory Remarks— Natural Productions — Architecture and Engineering — Topo- 
graphy, Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.L With 
Map. 3/. 6</. Contents: 

General Description of South Africa — Physical Geography widi refereoce to Engineering 
Operations— Notes on Labour and Material in Cape Colony — Geological Notes on Rode 
Formation in South Africa— Engineering Instruments for Use in South Africa — ^PrincinJ 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Woixs, 
Bridges, Gas Works, Irri|^don and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines-'Table of Woods in South Africa — ^Animals used for 
Draught Purposes — Statistical Notes — ^Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst C.E. With Map. 4J. W. 

Contents : 

Physical Geography of India— Building Materials— Roads— Railways— Bridges— Irriga- 
tion-River Works— Harbours— Lighthouse Buildings— Native Labour— The Principal 
Trees of India— Money^Weights and Measures— Glossary of Indian Terms, etc. 
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The Clerk of Works; a Vade Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. Hoskins, 
F.R.LB.A. Fcap. 8vo, cloth, u. 6df. 

Coffee Planting in Southern India and Ceylon. By 

E. C. p. Hull. Crown 8vo, cloth, 9J. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second Edition, revised and improved, in one thick 
vol. 8vo, doth, i/. I J. 

Compejtsations ; a Text-book for Surveyors, in tabu- 
lated form. By Banister Fletcher, Crown 8vo, cloth, 5j. 

Contents : 

The Varieties of Damage for which Claims may arise— Various Classes of Property^— 
Points to be observed in Surveys— Notices to Treat — Nature of Damage for which Clamis 
can and cannot be sustained— what Property can be compulsorily taken— When Entry on 
Property can and cannot be compulsorily made — Of Goodwill and ' Stock — and of the various 
iMgal Methods of Settlement of Disputed CIaim&— together with Full and Explicit Instruc- 
tions on the Methods of Valuing and of Makinz Claims ; with Comments on Cases arising 
ilnder the Metropolis Local Management and Metropolitan Buildings Acts ; the whole ^ven 
in a Practical and Comprehensive Form, supplemented by a copious Appendix, containing 
many Useful Forms and Precedents, and also Tables for the Valuation ot Freeholds, Lease- 
holds, Reversions, and Life-Interests. 

Cotton Cultivation in its various details; the Barrage 

of Great Rivers, and Instructions for Irrigating, Embanking, Draining, 
and Tilling Land in Tropical and other Countries possessing high thermo- 
metric temperatures, especially adapted to the improvement of the cultural 
soils of India. By Joseph Gibbs, Member Institute Civil Engineers. 
With 5 plates. Crown 8vo, cloth, yj. bd. 

Dilapidations; a Text-book for Architects and Sur- 
veyors, in Tabulated Form. By Banister Fletcher, Fellow Royal 
Inst. Brit Arch. (Author of * Model Houses * ), showing who are liable for 
Dilapidations, and the extent of the liability of Lessors, Lessees, Tenants 
at will, Tenants by elegit, Statute, Merchant, or Staple Tenants in fee 
simple, Tenants in tail. Tenants for life. Tenants for years without 
impeachment of Waste, Mortgagor, Mortgagee in possession, Yearly 
Tenants, Tenants in common, and joint Tenants, Rights of coparceners ; 
also what are dilapidations and waste, and further fully instructs the 
surveyor how to take and value them, to which is added the duties of 
surveyors, with a table of legal cases, embracing the most recent, and 
illustrated throughout by examples drawn from the author's experience, 
and latest legal decisions. Crown 8vo, cloth, 5^. 
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Spons* DicHonttry of Engineering, Civil, Mechanical^ 

Military^ and Naval; with technical terms in French, Gennan, Italian, 
and Spanish, 3100 pp., and nearfy 8000 engravings, in super-royal Svo, 
in 8 (uvisions, 5/. &r. Complete in 3 vols., doth, 5/. 5J. Bound in a 
superior manner, half-morocco, top e<^e gilt, 3 vols., 6/. 12s. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. Plates, crown Svo, doth, 7^. 6^. 

A General Table for facilitating the Calculation of 

Earthworks for Raiboays, Canals, etc. ; with a Table of Proportional 
Parts. By Francis Bashforth, M.A., Fellow of St. John's College, 
Cambridge. In Svo, doth, with mahogany slide, 4r. 

** This little volume should become the handbook of every person whose duties require even 
occasiona] calculations of this nature : were it only that it is more extensively ai^cable than 
any other in existence, we could cordially recommend it to our readers ; but wl^ they leaxn 
that the use of it involves only half the labour of all other Tables constituted for the same 
purposes, we offer the strongest of all recommendations— 4hat founded on the value of time/'— > 
Mtchan^s Magtutint, 

A General Sheet Table for facilitating the Calculation 

of Earthworks. By F. Bashforth, M.A. 6d. 

A Handbook of Electrical Testing. By H. R. 

Kempe, Assoc, of the Society of Telegraph Engineers. Fcap. Svo, 
cloth, y. 

Electricity; its Theory, Sources, and Applications. 

By John T. Spragur, Member of the Society of Telegraph Engineers, 
With 91 woodcuts and 30 valuable Tables. Crown 8vo^ cloth, 8j. 

Electricity and the Electric Telegraph. By George 

B. Prescott. With 564 woodcut illustratiom, Svo, cloth, \%s. 

Electro 'Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer, a Book for Beginners. Fcap. Svo, cloth, ij-. 6</. 

Engineering Papers. By Graham Smith. Svo, 

doth, 5j. Contents: 

Mortar: "Miller Prize" Paper — ^Practical Ironwork : "Miller Prize" Paper-^Retainios 
Walls: Paper read at the Edinburgh and Leith Engineers' Society. With Addenda and 
Discussions to each. 

Sponi Engineers^ and Contractors Illustrated Book 

of Prices of Machines, Tools, Ironwork, and Contractors* Material.. 
Royal Svo, cloth, ^s. f>d. 

The Gas Consumers Handy Book. By William 

Richards, C.E. iSmo, sewed, 6d. 
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A Pocket-Book of Useful Formulce and Memoranda 

far Civil and Mechanical Engineers, By GuiLFORD L. MoLESWORTH, 
Mem. Ins. C. £., Consulting Engineer to the Government of India for 
State Railways. Nineteenth edition, with a valuable contribution on 
Telegraphs by R. S. Brough and Dr. Paget HigGs. 32mo, roan, 6j. 
Ditto, interleaved with ruled Paper for Office use, 9^. Ditto, printed on . 
India paper, 6j. Synopsis of Contents: 

Sarveying, Levelling, etc.— Strength and Weight of Materiab^^Earthwork, Bridcworic, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming— Heat, 
Light, Colonr, and Sound— Gravity : Centres, Forces, and Powers— Millwork, Teeth of 
Wheels, Shaftm^, etc.— Workshop Recipes — Sundry Machinery— Animal Power— Steam and 
the Steam Ens^ine— Water-power, Water*wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura* 
tion— Tables of Areas and Circumference, and Arcs of Qrcles— Ix)garithms, Square and 
Cube Roots, Powers — Reciprocals, etc.*— Useful Numbers— Differentiad and Integral Calcu- 
lus—Algebraic Signs — ^Telegraphic Construction and Formulae. 

" Most of our readers are already acauainted with Molesworth's Pocket*book, and not a 
few, we imagine, are indebted to it for valuable information, or for refreshers of the memory. 
The book lus been re^arranged, the supplemental formulae and tables added «nce the first 
issue having now been incorporated with the body of the book in their proper positions, the 
whole making a handy size for the pocket. Every care has been taken to ensure correctness, 
both clerically and typo^phically, and the book is an indispensable vade-mecutn for the 
medianic and the jHrofessional m»n,'*-^Eftg-lisA MechaMtc, 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' •Hurst's Tredgold's Carpentry,' etc 64mo, roan, 
gilt edges, third edition, revised and improved, ij. Or in cloth case, 

This work is printed in a pearl t^pe, and is so small, measuring only sti in. by xf iA. by 
i in. thidc, that it may be easily earned in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai m. by if in., yet these dimensions faithfully represent the size of the handv 
little book before us. The volume— which contains zz8 printed pages, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat podcet, and containing a far greater amount and variety of information than most people 

would imagime could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion.'*— J?>if^Y)«««rn^. 

The French' Polisher s Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving*. 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6^. 

Analysis^ Technical Valuation^ Purification and Use^ 

of Coal Gas. By the Rev. W. R. BowPiTCH, M. A. With wood engravings^ 

8vo, cloth, I2X. 6//. 

Condensation of Gas— Purification of Gas— Light— Measuring— Place of Testing Gas- 
Test Candles— The Standard for Measuring Gas-light-;;Test Burners— Testing Gas for 

Method of 
losions 




8 CATALOGUE OF SCIENTIFIC BOOKS 



A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and inarge plates^ cloth, 2&r. 

Synopsis of Contents. 

Introduction— History of Gas Lighting— Chembtry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C;.S.<— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hblop, £sqra.^-Retorts, Iron and Clay— Retort Setting— Hydraulic Main--Coii- 
densers«- Exhausters —Washers and Scrubbers— Purifiers— Purification— History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron— Specifications— Gas Holders— Statin Meter — Governor — Distribution- 
Mains— Gas Mathematics, or FormulsB for the Distribution of Gas, by Lewis Thompson, £s<^.— 
Services^Consumers' Meters — Regulator»— Burners — Fittings— Photometer — Carburization 
of Gas— Air Gas and Water Gas-<^mposition of Coal Gas, by Lewis Thompson, Esq.— 
An^yses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Readual 
Products— Appendix — Description of RJctort Settings, Buildings, etc., etc. 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometiy adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples ; to which are added rules for Shading Shade-lining, etc, 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By Gsorgb S. C larks, Lieut R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College, Cooper's 
Hill. 2oplaies\ 4to, doth, 15/. 

The Elements of Graphic Statics. By. Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, Cooper's Hill. Crown 8vo, doth, 5^. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, etc. By Thomas 
Box. Second edition, revised and enlarged, crown 8vo, cloth, \2s. 6d, 

Hints to Young Engineers. By J. W. Wilson, 

A.I.C.E., Principal of the Cr/stal Palace School of Engineering. i2mo, 
sewed, 6d, 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter, translated from articles in 
the * Cultur-Ingenieur.* By Lowis D'A. Jackson, Assoc. Inst C.E. 
8vo, cloth, I2s.6d. 

Office Hydraulic Tables ; for the use of Engineers 

engaged in Waterworks, giving the Disdiarge and Dimensions of Rivers, 
Channels, and Pipes. By J. Neville. On a large folio sheet, ij. 

Hydraulics of Great Rivers ; being Observations and 

Surveys on the Largest Rivers of the World, By J. J. Revy. Imp. 4to, 
cloth, with eight large plates and charts, 2/. 2s, 
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Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. Simmonds. Cown 8vo, cloth, 4J. 6d. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fourth edition, 
numerous plates, post 8vo, cloth, 51. 

The Indicator Diagram Practically Considered. By 

N. P. Burgh, Engineer. Numerous illustrations, fifth edition. Crown 
8vo, doth, dr. 6^. 

"This volume possesses one feature which renders it almost unique; this feature is the 
mode in which it is illustrated. It is not difficult to take a diagram if the instrument is once 
set, and the setting with stationary engines is occasionally easy enough, but circumstances 
continually arise under which the young engineer is completely at a loss as to how to obtain 
a diagram. All uncertainty will be removed by referring to me book under consideration : 
here we have drawings of the arrangements to be adopted tmder every^ conceivable circum- 
stance, drawings, we may add, illustrating the practice of the best engineers of the day."— 
Et^ginetr, 

Link-Motion and Expansion Gear Practically Con- 
sidered. By N. P. Burgh, Engineer. Illustrated with 90 plates and 229 
vfood engravings, small 4to, handsomely half-bound in morocco, 2/. 2x. 

The Mechanicidn and Constructor for Engineers, 

comprising Forging, Planing, Lining, Slotting, Shaping, Turnings Screw 
Cutting, etc. By Cameron Knight. Containing ^6 plates, ii^T ilUis- 
trations, and yyi pages of letterpress, 4to, half-morocco, 2L I2s, 6d. 

The Essential Elements of Practical Mechanics; 

based on the Principle of IVorh, designed for Engineering Students. By 
OuvER Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Second edition, illustrated 6y numerous wood engravings, 
post 8yo, cloth, ^s, 6d, 

. Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of Uie most beautiful Laws of Motion— Chap. }. The princi^es expounded^ in the first and 
second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 
simple Madiines^— Chap. 5. Useful Propositions and Rules. 

The Practical Millwrights and Engineer's Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3J. 

Contents: 

Diameter and Power of Wheels — Diameter, Weight, and Power of Shafts— Multipliers for 
S^eam used Expansively—Diameters and Strength of Bolts — Size and Weight of Hexagonal 
Nuts — Speed of Governors for Steam Engines--Contcnts of Pumps— Working Barrcls-rCir- 
cumferences and Areas of Circles — Weight of Boiler Plates— French and English Weights and 
Measures, etc 
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The Principles of Mechanics and their Application to 

Prime Movers^ Nrnfol Arehiteciure^ Iron Bridges^ Water Supply^ eic» By 
W. J. Millar, C.E., Secretary to the Institution of Engineers and Ship* 
builders, Scotland. Crown 8vo, cloth, 4;. 6d, 

A Prcutical Treatise on Mill-gearings Wheels, Shafts y, 

Riggers^ etc; for the use of Engineers. By THOifAS Box. Crown 8vo, 
cloth, second edition, 7j. 6d, 

Mining Machinery; a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andrb, F.G.S., Assoc Inst C.E., Mem. of the Society of Engineers. 
Ro3ral 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. i2s. Contents: 

Machinery for Prospecting, Exavadng, Hauling, and Hoisting— Ventilation — Pumping-^ 
Treatment of Mineral Products, induding Gold amd Silver, Copper,. Tin, and Lead, Iron» 
Coal, Sulphur, China Clay, Brick Earth, etc. 

The Pattern Maker' s Assistant ; embracing Lathe 

Work, Branch Work, Core Work, Sweep Work, and Practical Gear 
Construction, the Preparation and Use of Tools, together vrith a large 
collection of Useful and Valuable Tables. By Joshua Rose, M.E. 
With 250 illtistrations. Crown 8vo, doth, lOr. 6d, 

The Science and Art of the Manufacture of Portland 

Cement^ with observations on some of its constructive applications, witk 
numerous illustrations. By Henry Reid, C.E., Author of 'A Practical 
Treatise on Concrete,* etc., etc. 8vo, cloth, i8j. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations^ 
in the text^ and 33 plates (15 printed in colours). By G. G. Andrk, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 15/. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems — ^Lines. Dots, and their 
Combinations — Colours. Shading, Lettering, Bordering, and North Points — Scales— Plotting 
—Civil Engineers' and Surveyors' Plans— 'Map Drawing— Mechanical and Architectunu 
Drawing— Copying and Reducing TrigonometricaJ Formulse, etc., etc. 

The Railway Builder; a Handbook for Estimating' 

the Probable Cost of American Railway Construction and Equipment 
By William J. Nicolls, Civil Engineer. IllnstratedyMi bound, pocket- 
book form, ^s. 6d. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. WitA 56 illustrations and 12 plates, 8vo, cloth, 
lox. 6d. 
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Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Cuts^ 8vo, sewed, 2j. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, 12 mo, cloth, 3/. 

Sanitary Engineering; a Series of Lectures given 

before the School of Engineerings Chatham, Division I. Air. — Division II. 
Water. — Division III. The Dwelling. — Division IV. TTie Town and 
Village. — Division V. The Disposal of Sewage. Copiously illustrated. 
By J. Bailey Denton, C.E., F.G.S., Honorary Member of the Agri- 
cultural Societies of Norway, Sweden, and Hanover, and Author of the 
•Farm Homesteads of England,' 'Village Sanitary Economy,* 'Storage 
of Water,' 'Sewage Farming,' etc Royal 8vo, cloth, 25J. 

Sanitary Engineering; a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts ^ 8vo, cloth, i/. icxr. 

Cleaning and Scouring ; a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, dd, 

A Practical Treatise on modem Screw-Propulsion. 

By N. P. Burgh, Engineer. Illustrated with 52 large plates and 103 
woodcuts^ 4to, half-morocco, 2/. 2.s. 

Screw Cutting Tables for Engineers and Machinists, 

fiving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal ovo, cloth, oblong, zs. 

Screw Cutting Tables y for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, u. 

Vazeeri Rupi, the Silver Country of the Vazeers, in 

Kulu : its Beauties, Antiquities, and Silver Mines, including a Trip over 
the lower Himalayah Range and Glaciers. By J. Calvert, F.G.S., 
Mem. Inst. C.E. illustrated with a map and coloured plates ^ 8vo, cloth, 
16^. 
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A Treatise an a Practical Method of Designing Slide 

Vahfe Gears fy Simple Geometrical Construetion^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide Valve and Expansion Gearing ; tc^ether with Stephenson's, 
Gooch*s, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst Mechanical Engineers. Crown 8vo, cloth. 6j. 

The Slide Valve practically considered. By N. P. 

Burgh, Engineer. Seventh edition, containittg 88 illustrations^ and 
121 pages of letterpress^ crown 8vo, cloth, 5/. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Emplover and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Royal 32mo, roan, gilt 
edges, 5J. 

Practical Treatise on Steam Boilers and Boiler 

Making, By N. P. BuRGH, Mem. Inst. Mec. Eng. Illustrated by 1163 
wood engravings and 50 large folding plates of working drawings^ royal 4to, 
half-morocco, 3/. 13J. dd. 

Modern Compound Engines ; being a Supplement to 

Modem Marine Engineering. By N. P. Burgh, Mem. Inst. Mech. Eng. 
Numerous large plates of working drawings^ 4to, cloth, iSj*. 

• The following Finns have contributed Working Drawings of their best and most modem 
examples of Engines fitted in the Royal and Mercantile Navies : Messrs. Maudsla^r* Rennie , 
Watty Dudgeon, Humphreys, Ravenhlll, Jackson, Perkins, Napier, Elder, Laird, Day, 
Allibon. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^plates, in one Volume, half-bound morocco, 2/. zr. 

This work is not, in any sense, an elementary treatise, or history of the steam ennne, but 
is intended to describe examples of Fixed Steam £nf;ines without entering into uie wide 
domain of locomodve or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Puminng, Winding, Portable, Soni- 

S)rtable, Corliss. Allen, Compound, and other similar Engines, by the most eminent Firms in 
reat Britain and America. The laws relating to the action and precautions to be observed 
in ^e construction of the various details, such as Cylinders, Pistons, I^ton-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Grovemors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 
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The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
Professor of Applied Mechanics in the Royal Naval College; 8vo, cloth, 
1 2 J. 6d, 

Modern Marine Engineering applied to Paddle and 

Screw Propulsion ; consisting of 36 plates^ 259 wood engravings, and 
403 pages of descriptive matter, the whole being an exposition of the 
present practice of the following firms : Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; T. and G. Rennie ; 
R. Napier and Sons ; J. and W. Dudgeon ; Ravenhill and Hodgson ; 
Humphreys and Tennant ; Mr. J. F. Spencer ; and Messrs. Forester and 
Co. By N. P. Burgh, Engineer, 4to, cloth, 2/. $s, 

A Pocket-Book 0/ Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Sixth edition, revised, with Appendix, royal 32mo, roan, 41-. 6^, 

Details of High-Pressure Ennne, Beam Engine, Condensiog, Marine Screw Engines^. 
Oscillating Ennnes, Valves, etc., Land and Marine Boilers, Proportbns of Engines produced 
by the Rules, Proportions of Boilers, etc. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc, with a 
general description of the seversd Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. 41 fine plates with Illus- 
trations and Tables, royal 8vo, cloth, third edition, I2J. &/. 

Principal Contents : 

Part X. Introduction and the Principles of Geometry. Part 3. Land Surveying: com' 

Sising General Observationsp— The Cham — Offsets Surveying by the Chain only— Surveying 
illy Ground— To Survey an Estate or Parish by the Chain only — ^Surveymg with the 
Theodolite — lilining and Town; Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling—* 
Simple and Compound Levelling^The Level Book — Parliamentary Plan and Seetion— 
Levelling with a Theodolite — Gradients— Wooden Curves— To Lay out a RaMway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels— Brickwork— Ironwork— Timber Measuring. Part 5. Descriptioit 
and Use of Instruments in Surveying and Plottine — The Improved Dumpy Level— Troughtom's 
Level— The Prismatic Compass — Proportional Compass -* Box ^Sextant —Vernier— Panta« 
graph — Merrett's Improved Quadrant— Improved Computation Scale— The Diagonal Scale— 
Straip;ht E^ge and Sector. Part 6. Logarithms of Numbers— Logarithnuc Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co- Sines— l^bles for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc 

The Chemistry of Sulphuric Acid Manufacture. By 

Henry Arthur Smith. Cuts, crown 8vo, cloth, 4;. 6^. 

Contents : 

Ground Plan of Kilns for Burning Sulphur Ores — Section of Pyrites Furnace — On the 
Presence of Arseni^'Methods for Removal of Arsenic — ^An Ejcperimental Examination of the 
Circumstances which determine the Action of the Gases in the Lead Chamber— On the Dis- 
tribution of Gases in the Lead Chamber — On the Temperature at which Nitric Add acts upon 
Sulphurous Acid— On the Distribution of Heat ia tke Lead Chamber— An Inquiry iato the 
Best Form of Leaden Chamber, etc. 
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The Principles and Practice of Engineering, Trigono- 

metrical^ Subterraneous, and Marine Surveying. By Charles Bourne, 
C.E. Third edition, numerous plates and woodcuts, 8yo, cloth, 5x. 

Table of Logarithms of the Natural Numbers, from 

I to 108,000. By CtiARLES Babbage, Esq., M.A. Stereotyped edition, 
royal 8vo, cloth, 7/. 6^. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor s Tables of Logarithms, and carefully read 
fby nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue m 1837 no error has been dbcovered. 

Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, dr. 

Camus (M^) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers, translated from the French. Third edition, carefully revised 
and enlarged, with details of the present practice of Millwrights, Engine 
Makers, and other Machinists. By Isaac Hawkins. lUustratS by 
i^ plates^ 8vo, cloth, 5^. 

The Practical Sugar Planter; a complete account 

of the Cultivation and Manufacture of the Sugar Cane, according to the 
latest a&d most approved processes, describing and comparing the different 
systems pursued m the East and West Indies and the Straits. of Malacca, 
and the rdative expenses and advantages attendant upon each, being the 
result of sixteen years' experience as a Sugar Planter in those Countries. 
By Xj£onas.d Wray, Esq. 8vo, cloth, lOf. 6d 

Laying and Repairing Electric Telegraph Cables. By 

Capt. y. HosKicER, Royal Danish Engineers. Crown 8vo, cloth. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc,, 'wiith Iflstnictions for Turning such Work in Metal as may be required 
in the Pfactice of Turning in Wood, Ivory, etc, also an Appendix on 
Ornamental Turning. Bv Francis C ampin. Second edition, nriM tmW 
engravings, crown 8vo, cloth (a book for beginners), 6x. 

Contents : 

On Lathes-i^Tuming Tools— Turning Wood'-Drilling^-Screw Cuttings— Miscellaneous 
Apparatus and Processes— Turning Particular Fonns'»>Staining— Polishing*-»Sptniung Metab 
-Materials— Ornamental Turning* etc. 
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Health and Comfort in House Buildings or Ventila- 
tion "with Warm Air by Self' Acting Suction Power^ with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, demy 8vo, with plates^ cloth, 7^. td,\ 
the Supplement separate, dd. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by Moritz Mt^LLER. Plates ^ 8vo, 
doth, I2s, 6d, 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L Nelthropp, M.A., F.SA. Numerous illustrations^ crown 
8vo, cloth, 6j. 6</. Contents : 

Definitions of Words and Terras used in Watchwork — ^Tools— Time— Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
tip— The Verge— The Horizontal — ^Thc Duplex— The Lever— The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes— Clerkenwell— Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

The Present Practice of Sinking and Boring Wells, 

with Geological Considerations and Examples of Wells. By Ernest 
Spon, Member of the Society of Engineers, of the Franklin Institute, of 
the Iron and Steel Institute, and of the Geologists' Association. Crown 8vo, 
cloth, illustrated by 2.*i(> diagrams and engravings to scale, *js, 6d, 

Workshop Receipts for Manufacturers, Mechanics, 

and Scientific Amateurs, By Ernest Spon. With numerous illustrations, 
450 pp., crown 8vo, cloth, 5<r. 

Containing Receipts for 

Bookbinding— Bronzes and Bronzing;— Candles— Cement— ^Cleaning— Colour-washings— 
Concretes — Dipping Acids — Drawing Office Details — Drying Oils — Dyeing — ^Dynamite^ 
Electro-Metallurgy (Cleaning, Dipping, Scratch-brushing, Batteries, Baths, and Deposits of 
ever^r descriptiony^Enamels— Engraving on Wood, Copper, Gold, Silver, Steel, and Stone — 
Etching and Aqua Tint— Firework Making (Rockets, Stars, Rains, Gerbes, Jets, Tourbillons, 
Candles, Fires, Lances, Lights, Wheels, Fire*balloons, and minor Fireworks}— Fluxes- 
Foundry Mixtures — Freezing — Fulminates— Furniture Creams, Oils, Polishes, Lacquers, and 
Pastes — Gilding — Glass Cutting, Cleaning, Frosting, Drilling, Darkening, Bending. Staining, 
and Painting— Glass Makings-Glues— Gold— <jramin||[^ — Gums— <7un Cotton— Gunpowder- 
Horn Working— Indiarubber — Ink (Writing and Printing)— Japans, Japanning, and kindred 
processes— Lacquers — Lathing— 'Leather— Lubricants — Marble Working— Matches— Mortars 
— Nitro-Glyccrine — Oils— Paper— Paper Hanging— Painting in Oils, m Water Colours, as 
well as Fresco, House, Transparency, Sign, and Carriage Painting^-Photography^rig- 
ments — Plastering— Polishes— Pottery (Clays, Bodies, Glazes, Colours, Oils, Stains, Fluxes, 
Enamels, and Lustres)— Scouring — Silvering-^Soap— Solders— Tanning— Taxidermy— Tem- 
pering Metsds — Treating Horn, Mother-o'Pearl, and like substances— Varnishes^ Manufacture 
and Use of — Veneerine — Washing— WaterjMTOofing —Welding — Whitewashmg. — Besides 
Receipts relating to the lesser Technological matters and processes, such as the Manufacture 
and Use of Stencil Plates, Blacking, Crayons, Paste, Putty, Wax, Size, Alloys, Catgut, Tun- 
bridge Ware, Picture Frame and Architectural Mouldings, Compos, Cameos» and others too 
numerous to mention. 
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